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PREFACE. 



These lectures are what their title indicates, the lectures on Miner- 
alogy delivered at the School of Mines of Columbia College. They 
have been printed for the students, in order that more time might be 
given to the various methods of examining and determining minerals. 
The second part only has been printed. The first part, comprising 
crystallography and physical mineralogy, will be printed at some future 
time. Only those species have been described with which it is neces- 
sary for an Engineer of Mines to be familiar, or which present some pe- 
culiarity of interest. The list of synonyms is not complete ; only the 
most familiar names used in Germany, France and the United States 
have been given. The lecture notes were written out somewhat hastily, 
amid the press of other duties, but it is hoped, that as they occupy 
a ground not hitherto entirely covered by other elementary works, 
they may prove acceptable to students wishing to commence the study 
of Mineralogy. As it has already proved serviceable at the School 
of Mines, it is hoped that it may be found useful elsewhere. 

As it is quite essential that the notation of both Naumann and Dana 
should be understood, the first has been adopted in the text and the 
second used on the faces of the crystals. A table giving the compari- 
son of the principal notations in use, has been given in the introduction. 

In the preparation of the work I have been greatly indebted to my 
assistant, Mr. J. H. Caswell, who autographed the drawings and 
prepared the notations of the faces of the crystals. 



T. EGLESTON. 



School op Mines, 
1871. 
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Brochantite, 
Octahedrite. 

G.=3-8— 4-1 

Willemite. 
G.=3*9 

Celestite. 

G.==3'9— 4 

Alabandite, 
Corundum, 
Sphalerite. 

G.=4— 4*3 

Atacamite. 

G.=4— 4*4 

Q-oethite, 
Smithsonite. 



G.=- 

Bomite. 

G.=4— 4*7 

Zircon. 

G.=4— 4*8 

Barite. 

G.=4*l 

Brookite. 

G.=41— 4*a 

Butile. 

G.=4'l— 4*3 

Chalcopyrite. 

G.=4*l— 4*4 

Olivenite. 

G.=4*«— 4*3 

Witherite. 

G.=4-«--f4 

Kaoganite. 

G.=4-3-4-4 

Tennantite. 



G.=4-3— ^-5 

Chromite, 
Stannite. 

G. =4-4-^-7 

Pyrrhotite. 

G,=4«4-^«8 

Molybdenite. 

G.=4'4— 5 

Bomite. 

G.=4'5— ^-6 

Kermesite, 
Stibnite. 

G.=4'5-^ 

Menaccanite. 

G.=4'5— 5*1 
Tetrahedrite. 

G.=4*5— 5*3 

Hematite. 
G.=4*6 

Minium. 

G.=;4*e— 4'8 

Marcaeite. 

G.=4«7 

Hausmannite. 

G.=4-7— 4*8 

Braunite. 

G.=4*8— 4-9 

Pyrolusite. 

G.=4-8— ^ 

Linnasite, 
Pyrite. 

G.=4-9— «•! 

ilagnetite. 

SenannoDtite. 
HiDerite. 



XIV 



Embolite. 

Proustite. 
G.=5*4— 5*8 

Zincite. 

0.=5-4— 6*4 

Oolumbite. 

«.=5-5 

Cerargyrite, 

lodyrite, 

Valentinite. 

Chalcocite. 
O. =5*5— 6*5 

Franklinite. 

Baumonite, 
Pyrargyrite. 

Bromyrite, 
Cuprite. 

Arsenic. 

«.=5*9--6*l 

Orocoite. 



0.=6 

Scheelite. 

0.=6— 6*3 

Cobaltite. 

0.=6— 6*4 

Arsenopyrite. 

0.=6'l--6'3 

Tellurium. 

G.=6*l— 6-8 

Aikinite. 

Anglesite, 
Polyasite, 
Stephanite. 

Ullmannite. 
0.=6*3— 6*0 

Wulfenite. 

«.=6*3— yi 

Gassiterite. 

G.=6-4 

Oalomel, 

Oerussite, 

IJraninite. 

G.=6*4--6*5 

1 Bismuthinite. 



I G.=6*4— 7 

Smaltite. 

0.=6*5— 7 

Pyromorphite. 

0.=6*6— 6*7 

Antimony. 

G.=7— 8*7 

Leucopyrite. 

G.=7— 8*8 
Clausthalite. 

o.=7-i— 7*a 

Mimetite. 

G.=7-l— 7-3 

Argentite. 

0.=7-l— 7*5 

Wolframite. 
G-=7-a— 7*7 

Galenite. 

G.=^7*9— 8*4 

Tetradymite. 

0.=7*3— 7*6 
Niccolite. 

G.=7-3— 7*8 
Iron. 

G.=7-8— 8*1 
I Stolzite. 



G.=8*9 

Cinnabar, 
Copper. 

G.=9-7 

Bismuth. 

G-=ia— 14 

Amalgam. 

G.=1'01— 11*1 

Silver, 

G.=ll*4 

Lead. 

G.=13*5 

Mercury. 

G.=15— 19 

Gold. 

G.=16— 19 

Platinum. 

G.=19--31 

Iridosmine. 

Undetermined, 

Bieberite, 
I Copiapite, 
Molybdite, 
Bemingtonite, 
Wad. 



XV 



SYSTEMS OF CRYSTALLIZATION. 



MO. 



2 
8 

4 
6 
6 



SIMPLE FORMS. 



Octahedron, or cabe. 

Tetragonal pyramid, or right prism witb 
a square base. 

Rhombic pyramid, or right prium with a 
rhombic base. 

Monocllnic pyramid, or inclined rhombic 
prism. 

Tridinic pyramid, or doubly inclined 
* oidal 



rhombbidal prism. 

(agonal pyramid, 1 
or rhombohedrou. 



Hexagonal pyramid, hexagonal prism, 
ib< * 



AXES. 



I * 



8 axes rectangular and equal. 

8 axes rectangular, 2 equal. 

8 axes rectangular, and unequal. 

8 axes unequal, 2 rectangular. 

8 axes unequal, and unequally inclined, 

4 axes, 8 equal and equally inclined, 1 
at right angles to the other three. 

. — t 







NAMES USED BY DIFFERENT AUTHORS. 




NO. 


XOHS. 


WEISS A 
U08E. 


PHILLIPS. 


NAUXANN. 


DELAFOBSE. 


DANA. 

1854. 


DANA. 

1869. 


1 

2 
8 
4 
6 
6 


Tessular. 

Pyramidal. 

Orthotype. 

Hemior- 
thotype. 

Anortho- 

type. 

• 
Rhombo- 

hedral. 


Regular. 

2andl 
axial. 

landl 
axial. 

2 & 1 mem- 
bered. 

1 & 1 mem- 
ber ed. 

Sandl 
axiaL 


Cubic. 

Pyramidal. 

Prismatic. 

Oblique. 

Anorthic. 

Rhombo- 
hedral. 


Tesseral. 

Tetrago- 
nal. 

Rhombic. 

Monoclino- 
hedric. 

Triclino- 
hedric 

Hexagonal. 


Cubic. 

Tetrago- 
nal. 

Ortho- 
rhombic. 

Olino- 
rhombic. 

Clino- 
hedric 

Hexagonal. 


Monomet- 
ric 

Dimetric. 

Trimetric 

Monocli- 
uic. 

Triclinic. 
Hexagonal* 


Isometric. 

Tetragonal. 

Orthorhom • 
bic. 

Monoclinic. 

Tridinic 

Hexagonal. 



SCALE OF HARDNESS. 



1. — ^Talc. Laminated light greon variety. Easily scratched by the nail. 

2. — Gypsum. Crystallized variety. Not easily scratched by the naiL Does not scratch 
a copper coin. 

8. — Calcite. Transparent variety. Scratches and is scratched by a copper coin. 

4. — ^Fluor. Crystalline variety. Not scratched by a copper coin. Does not scratch glasff. 

6. — ^Apadte. Transparent variety. Scratches glass with difficulty. Easily scratched by 
the knife. 

5.5.-Scapolite. Crystalline variety. 

6. — Orthoclase. White cleavable variety. Scratches glajss easily. Not easily scratched 
by the knife. 

7. — Quai'tz. Transparent variety. Not scratched by the knife. Yields with difficulty to- 
thefile. 

8. — ^Toipaz. Transparent variety. Harder than flint. 

9. — Sapphire. Cleavable varieties. Harder than flint 

10.— Diamond. Harder than flint 



COMPAEISON OF NOTATIONS USED TO 

ISOMETBIG 
BSGIJLAB 

HOLOHEDBAL 



Octahedron, 



Cube or hexahedron, 



Rhombic dodecahedron, 



Tetrahexahedron, 



Trigonal trisoctahedron, 



Tetragonal trisoctahedron, 



Hexoctahedron, 



b* 



b- 



1 

am 



a» 



I 1 

bl bai bi 



HEMIHEDBAli 



Hiemi-octahedronj or tetrahedron, 

Hemi-tetrahexahedron, or pentagonal 
dodecahedron, 

Hemi-trigonal trisoctahedron, , 
Hemi-tetragonal trisoctahedron, 
Hemi-hexoctahedron inclined, 
Hemi-hexoctahedron parallel, or diploid, 
Hemi-hexoctahedron parallel, or gyroid. 



b™ 

att 

a» 



1 1 

b^ b«bJ 



1 1 
b^ bm b? 



b* b^ hi 



Tetarto-hexoctahedron. or tetartoid. 



XVI 



TETABTOHEDBAL 

V bL hi 



EEPEESENT THE FACES OF CEYSTAL& 

SYSTEM. 
OCTAHEDRON. 



FORMS. 

MILLBB. 
Ill 



100 

110 
hko 

hhk 
hkk 
hkl 

FORM& 



WEI88. 

a: a: a 

a: ooa: ooa 

a : a : ooa 

a: n#: ooa 
a : a : ma 
a : ma : ma 
a : ma : na 



KAUXANN. 





ooOoo 



ooO 



ooOn 



mO 



mOm 



mOn 



DAHA. 

1 



tor I 

in 

m 

TMn 

mn 



± it (111) 



±«(hko) 



±x(hhk) 



±x(hkk) 



± j« (h k 1) 



±7t(hk\) 



±;r>«(hkl) 



}rl (a : a : a) 



}rl (a : na : ooa) 



}rl (a : a : ma) 



^rl (a : ma : ma) 



}rl (a : ma : na) 



^rl (a : ma : na) 



^rl (a : ma : na) 



2 
. ooOn 



2 

mO 
2 

mOm 



2 
mOn 



4^] 
<-^) 



-4- 

, in 



2 



Tfifn 



, fan 



[mn T 

(mn \ 
"2~ ) 



roBM& 



«je(hkl) 



mOn 
±rorl-^ 



XVll 



mn 
±rorl— J 





TETRAGONAL 




TBTBAGONATi 
irnTXkTrEnRAT^ 




LBTT. 


Tetragonal pyramid of the first order,t 


1 


Tetragonal pyramid of the second order, 


I 
bm 


Ditetragonal pyramid, ^ 


bS bi h« 


Tetragonal prism of the first order,t 


h} 


Tetragonal prism of the second order, 


m 


Ditetragonal prism, 


1 


Basal pinacoid, 


P 



HEMIHEDRAL 



Sphenoid of the first order, 
Sphenoid of the second order. 



Tetragonal scalenohedron, 



Tetragonal trapezohedron, 



Tetragonal pyramid of the third order, 
Tetragonal prism of the third order^ 



Sphenoid of the third order, 



1 
a^ 




1 

bs 




bm bn 


h> 


I I 
bm bn 


W 


I 1 
bm bn 


h» 


1 

hm 




TETARTOHUURAL 



♦ r stands for right and 1 for left, to distinguish it 



"t These prisms and pyramids or octahedra of the first order 



XVIU 



SYSTEM. 








PYRAMID. 








FORIISL 








XHiLER. 


WKIBB, 


' KAUXANK. 


VAVA. 


hhl 


a : a : mc 


mP 


m 


hoi 


a : ooa : mo 


mPoo 


mi 


hkl 


a: na: mc 


mPn 


mn 


110 


a : a : ooo 


ooP 


iorl 


100 


a: ooa: ooc 


ooPoo 


a 


hko 


a : na : ooc 


ooPn 


in 


001 


ooa: ooa:c 


OP 






FOBMS. 



«(ho 1) 

X or x' (h k 1) 
«" (hkl) 



7t(hk\) 



(hko) 



r.l. J (a : a : mc) 
r.l.^ (a : ooa : mc) 

r.l.J (ma : na : c) 

r.L±J (ma: na: c) 

r 1 
-T-,— .} (ma:na:c) 

1 T 

r.l} (a : na : ooc) 



mP 
■ 2 

mPoo 

T' 

mPn 



*r or I 



mPn 



— or 
1 r 



2 
1 mPn 



r 
---or 

I r 



2 

1 ooPn 



m 



. m% 

77171 

±T 

r or 1 — 



r ^« 1 rnn 
-~~or — — 

1 r 2 

-—-or — — 
1 r 2 



rORMS. 



±iTJc(hkl) I 



, r 1 mPn 

±-T'Or rr- 

1 r 4 



, r 1 mn 
1 r 4 



from + rightj and — left, in the previous forms. 



are those of the second in the diagrams. 



XIX 



OETHOEHOMBIC 



BHOMBIO 



HOLOHEIiaAL 



Rhombic pyramid, 



Macropyramid, 



Brachypyramid, 



Ehombio pnsm, 



Macroprism, 



Brachyprism, 



Macrodome, 



Brachydome, 



Macropinacoid, 



Brachypinacoid, 



Basal pinacoid, 



1^ 
bm 



£ 1^ 

bm hu gl 



1 1 

bi b; g» 



m 



1^ 

hm 



gi 

1 
Bm 



I 

Gn 



h» 



HEMIUKDRAL 



Rhombic sphenoid. 



The other hemihedral forms are single 



XX 



SYSTEM. 



PYRAMID. 



FOBHS. 



laiiLIEB. 

hhl 
♦hkl 
thkl 

110 

•»hko 

thko 

okl 

hoi 

010 

100 

001 





WBI8S. 


a 


:b: 


mc 


na 


:b: 


mo 


a: 


nb: 


mo 


a: 


b: 


000 


na 


:b: 


000 


a : 


nb. 


: 000 


ooa 


t: b: 


mo 


a: 


oob; 


, mo 


ooa 


:b: 


000 


a: 


oob: 


000 


ooa 


k : oob : c 



mP 
mPn 



mPn 



ooP 



ooPn 



V 

ooFn 



mPoo 



V 

mPoo 



ooPoo 



ooPoo 



OP 



m 
mn 



mn 



tor I 



%n 



V 

in 



m% 



mi 



ft 










rOBMS. t 



x(hkl) I j 



na: b: mc 
a: nb: mo 



rorl 



m 



?n 



rorl 



97271 



planeSj or nairs of parallel planes. 



♦ h<k 



th>k 



XXI 



MONOCIilNIC 



MONOOLINIO 



HOLOBKDRAL 



C Hemi-pyramid, 
Monoclinio pyramid, < 

\ Hemi-pyramid, 



Orthopyramid, 



Olinopyramid, 



( Hemi-orthopyramid, 
( Hemi-orthopyramid, 

C Hemi-clinopyramid, 
( Hemi-clinopyramidy 



Inclined rhombic prism, 



Orthoprism, 



Olinoprism, 



Orthodome, 



Clinodome, 



Orthopinacoid, 



CHinopinaooid, 



Basal pinacoid, 



C Hemi -orthodome, 
( Hemi-orthodome, 





1^ 
dm 




1 
bm 


1 

bm 


di hi 


1 1 

bi bi h« 


1 

dm 
bm 


b^ g 

da gl 



m 



1^ 
hm 



1^ 

g« 

Oa 
1 

am 
I 

em 



h» 



g* 



The hemihedral forms are single planes or pairs of parallel planes. 



XXll 



SYSTEM. 



PYRAMID. 



FOBMSL 



MILLBB. 

hkk 
hkk 

*hkl 
*hkl 

thkl 
thkl 

110 
''liko 

thko 

hoi 
Eol 

okl 
100 
010 
001 



\ 



WBUS. 

a : b : mc 

a' ; b : mc 

a : nb : mc 

a' : nb : mc 

na : b : mc 
na' : b : mc 

a : b : ooc 



a : nb: ooc 



na : b : ooc 



a : cob : mc ^ 
a' : cob : mc ) 



ooa : b : mc 



a: oob: ooc 



ooa : b : ooc 



ooa : oob : c 



ITAUIIAIIN. 

±mP 



± mPn 



±ml^n 

ooP 
ooPn 
ootn 

±mPoo 
mfoo 

ooPoo 

ooPoo 

OP 



DANA. 

±m 



±mn 



±mn 



tor 1 



in 



in 



±mf 



mi 



u 



a 







* h> k. 



th<k. 



XXlll 



TKICIINIO 
TBIOUHIO 





"Tetarto-pyram 


■1, 


f» 


Triclinio pyramid, 


Tetarto-pyram 
Tetarto-pyram 


a, 


d* 




Tetarto-pyram 


d, 


.* 




Tetarto-pyramid, 


f= dl 1} 




Tetarto-pyrnmid, 
Tetarto-pyramid, 


bi ei b' 




Tetarto-pyramid, 


ci bi b'. 




Tetarto-pyramid, 


ticis" 


BrfichypF"™<Ji 


Tetarto-pyramid, 
Tetarto-pyramid , 


a- b; g' 
bidTgi 




Tetarto-pyramid, 


ein gi 


Doubly inclined 
rhombic prism, 


1 Hemi-prism, 
1 Hemi-prism, 


t 

m 


Macropriem, 


; Hemi-priam, 
Hemi-priam. 


b^ 


Bractypriem, 


; Hemi-prism, 


-a 


Uactodome, 


; Hemi-dome, 
' Hemi-dome, 




Braohydome, 


,H..i.a.»e, 
Hemi-dome, 






em 


Uacropinaooid, 

Brachypinacold, 






Baesl pinacoid, 






P 



SYSTEM. 



PYRAMID. 



rOBMS. 



xnxBB. 

Ill 


WEI8B. 

a : b : mc 


KAUXANK. 

fmP' 


DANA. 

m' 


III 
in 


a : b' : mc 
a' : b' : mo' 


m/P/ \ 


mT 
mP, 


'm 


111 


a' : b : mc 




m.P 


/m, 


*hkl 


a : nb : mc 




'mPn 


m'n 


*hkl 
*hkl 


a : nb' : mc 
a' : nb' : mc 


m/P/n . 


m'Pn 
mP,n 


'mn 


*Ekl 


a' : nb : mc 




mPn 
> • 


/mn 


thkl 


na : b : mc 


1 


'Wnf'n 


771 n 


ihkl 

thkl 


na : b' : mc 
na' : b' : mc 


m; f, 'n ' 


m'fn 
mP,n 


'mn 
tnn 


thkl 


na' : b : mc 


m,fn 


,mn 


no 
iTo 


a : b : ooc 
a: b': ooc 


( ool" 
»'P' Joo'P 


i'orP 
'i or 'I 


*hko 
♦Tiko 


a : nb : ooc 
a' : nb : ooc 


( ooPn 
"''^'•'loo'Pn 


in 
jin 


thko 
thko 


na : b : ooc 
na' : b : ooc 


( oof'n 


o 
t'n 

w 

'in 


hoi 
hoi 


a cob : mc 
a' : oob : mc 


(m, Foo 


m,'i 
m' f, 


okl 
o"kl 


ooa : b : mc 
a : b' : mc 


( m' f ' 00 
»''f> jm,f,oo 




100 


a : oob : ooc 


ooPoo 


• 


010 


ooa : b : ooc 


oof GO 


n 


001 


ooa: oob:c 


01 


:> 






XXV 



pyramid of the first order,t 
Pyramid of the second order, 
Dihexagonal pyramid, 
Hexagonal prism of the first order, 
Hexagonal prism of the second order, 
Dihexagonal prism. 
Basal pinacoid, 



Hhombohedron, 



Rhombohedron of the second order, 



Hexagonal scalenohedron, 



Hexagonal trapezohedron, 

Pyramid of the third order, 

Ditrigonal pyramid, 

Trigonal pyramid of the first order, 

Trigonal pyramid of the second order, 

Hexagonal prism of the third order, 

Ditrigonal prism, 

Trigonal prism of the first order. 

Trigonal prism of the second order, 



HEXAGONAL 

HEXAGONAL 



I 



.1 



IIOLOHEDRAL 

LIVT. 

HtocafonaL 

bm 



1 1 
b' ba l^ 

m 



h» 
I 

hn 



HEMIHSDBAL 



1 

b^ 



TITARTOHEDBAL 



Rhombohedron of the third order, 

Trigonal trapezohedron (plagihedron). 

Trigonal pyramid of the third order, 
t These pjrramids and prisms are those of the second in the diagrama. 



SYSTEM. 

PYRAMID. 



FORMS. 

MILLER. 

Rhombohedral. 

100 
hkl 
(likl)(pqr) 
211 
lOT 
hkl 
001 

FOBMS. 

(hkk) (pqq) 



7r(hkl) 



(hkl)(pqr) 



a(hkl)(pqr) 
±i^(hkl)(pqr) 



WEI8S. 

Hflxagoual. 

ooa : a : a : mc 
2a : a : 2a : mc 
a: na: pa: mc 
ooa : a : a : ooc 
2a : a : 2a : ooc 
a : na : pa : ooc 
ooa : a 00 : ooa : c 



jl^ ( ooa : a . a : mc) 
^ ( ooa : a' : a' : mc) 

|^(2a : a : 2a : mc) 
|(2a' ; a : 2a' : mc) 

J^ (a : na : pa : mc) 
J (a' ; na' : pa : mc) 



± K(hkk) ±>c(pqq) 

± j<(hkl) 

i^(hkl)(pqr) 

a (hkl) (pqr) 



FORMS. 

± jrr j< (h k 1) (p q r) 
. a (hkl) 
a (pqr) 



NAUICANN. 
Hdzaffoiuil. Rhombohedral. 
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ooR 
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♦ooRn 

OR 



±^^ ±mR 

. mP2 
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mPn 
"2~ 

r or 1 
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2 

r ^ 1 mPn 
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mP 
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r or 1 
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-Lori-f^ 
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ooP2 



, r 1 mPn 

±-r-or -r- 

1 r 4 
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r 1 mn 
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XXVW 



DESCRIPTIVE 



MINERALOGY. 



LECTURES 



ON 



MINERALOGY. 



HYDROGEN. 

Water. tL Hexagonal. 

Stn. — Snow, Ice, Wasser, Eis, Eau, Glace. 

Water is found in three different states ; solid when it takes the form of 
ice or snow, both of which may be crystallized or crystalline ; liquid at 
ordinary temperature ; or in the form of vapor. When water solidifies, it 
crystallizes, taking forms which can be referred to the hexagonal system. 
These crystals are oftenest seen in frost or snow, but it is somewhat 
doubtful whether the primitive form is the prism or the rhombohedron. 
A rhombohedron of about 120° has been observed, but generally the 
crystals are skeleton planes. The hexagonal prism is sometimes found in 
northern countries, but elsewhere it is rare. These crystals are sometimes 
very large, but they have rarely been found terminated. Generally they 
are more or less hollow and made up of concentric layers, which are 
are not in contact, but united by little planes, radiating from the 
center towards the anglea Smithson describes double hexagonal 
pyramids derived from a rhombohedron of 112° 21'. These modified 
crystals are rarer than the others. In lower latitudes, ice does not show 
any traces of crystallization, except occasionally when breaking up in the 
spring it assumes hexagonal forms. In ordinary climates like our own, 
snow is less perfectly crystallized and appears under the shape of 
hexagonal stars, PL I. Mgs, 1-10, which may sometimes be triangular 
in form from the carrying out of certain planes at the expense jof others. 
The axes of these stars are at angles of 60°. On these axes others are 
often found hiclined to them at 60°, which are arranged like the feathers 
on a quill. Sometimes the extremities of the axes are terminated by 
another set of hexagonal axes, forming another star. Crystals of snow 
suspended in the atmosphere produce the meteorological phenomena, called 

1 
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liiilot and mock suns. These phenomena are owing to the fact that 
polarized light does not penetrate all the angles of the crystals. It goes 
through the angles of 60' but not of 120% 

Water in a liquid state has exactly the same composition as ice. 
Whon it is perfectly pure its specific gravity is 1, being the unit to which 
all others are referred. But because the vohime and the density of water 
vary with the temperature, it is necessary always to indicate a 
temperature to which all observations must be reduced, in order to 
get a series of comparative results. In physics the temperature 
is 4* C. In mineralogy it is generally about 15* C. which is about the 
mean temperature of the air. Bodies generally increase in density as 
they become colder, but water forms an exception to this rule. Below the 
temperature of 4' C. it dilates, so that the density, of ice is only 0.93, 
which is the reason why ice floats on water. 

When pure, water is inodorous, colorless and tasteless ; it is liquid above 
0*0. and 0.762 of the barometer. A cub. decim. of water at the latitude ol 
Paris and temperature of 15.5* C. weighs IK. A cubic inch weighs 
252.569 grains. Water is most dense at 3.982* C. or 39.176* F. Com- 
position 88.89, H 11.11. 

Water, according to its temperature in springs, is known as cold or 
thermal. The temperature of cold springs is usually about 17* -18* C. 
Beyond this point they are called thermal Water is rarely ever pure, 
but according to the nature of the elements dissolved is called drinkable 
(potable), or mineral water. Drinkable waters are those in which only 
a small proportion of mineral matter is dissolved, and which contajn 
oxygen. They are good for domestic purposes. When they dissolve 
soap they are called soft waters. Such is usually the water of springs 
which do not come from a limestone formation. When they do not 
dissolve soap they are called hard waters. 

Some analyses of various city waters are given on pp. 3, 4. 

Mineral waters are those which contain so large a proportion of 
mineral matter as to render them unfit for ordinary domestic purposes ; 
they are usually divided into Salt and Medicinal waters. 

Salt waters may come from the sea or from salt springs. The water of 
the sea is the most abundant. They are generally those masses of water 
which have no outlet and can only diminish their volume by evaporation. 
Except at the outlets of rivers, sea water is of about the same general 
composition. The quantity of salts dissolved varies from 3-4j^, in 
which chloride of sodium is the principal part, but it rarely exceeds 2.6^ of 
the weight of the water or about two thirds of the whole of the solid- 
material. The other substances are fTaS, MgCl, CaCl, and a very small 
quantity of NaBr, MgBr, Nal and Mgl. The largest amount of 
solid substances in the Atlantic is at the equator, and is 3.66^. Inland. 
seas contain much less than this. The bitter taste of sea water is owing 
to salts of magnesia. For analyses of sea water, v. p. 3. 

For variations of the saltness of water, v. p. 4. 

The salt lakes, which are sometimes found in the interior of continents, 
are generally owing to the infiltration of fresh water, through deposits 
which contain salt. The quantity of salt which such waters may contain 
is as high as 25^, as in the Dead Sea; of this amount from 7-10^ is salt. 
The water of the Great Salt Lake, Utah, contains 20.196 f^ of salt 

Analyses are given on p. 3. 
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PUBITT OF OITT WATERS. 

Impurities eatUained in one toine gallon of 231 cubie inches expressed 

grains. 



City. 

New York 

• ■ • • 

Brooklyn 

Jersey City 

Trenton 

Philadelphia.... 

Boston 

Albany 

Troy. 

Schenectady.... 

Utica 

Syracuse 

Rochester 

Cleveland 

Chicago 

Dublin .'. 

London 

• * a ... 

Paris 

Amsterdam 



Inorsanic 

Source. liaUer. 

Oroton, 1869 4.11 

Well, 8th Av 38.95 

Ridgewood, 1869 3.37 

Passaic River 4.58 

Delaware River 2.93 

Schuylkill River. 2.30 

Cochituate Lake 2.40 

Hydrant 8.47 

Hydrant.. 6.09 

Well, State St 4G.88 

Hydrant 5.50 

New Reservoir. 12.13 

Genesee River 12.02 

Lake Erie 4.74 

Lake Michigan. 5.62 

Lough Vartry L77 

Thames River. 15.55 

Well, LeadenhaU St 90.38 

River Seine. 7.83 

River Vecht 14.45 

WeU 64.55 



Organic 

and 


Total 


VolaUle 


SolidA 


Hatter. 




0.67 


4.78 


4.59 


43.54 


0.59 


3.92 


2.86 


7.44 


0.55 


3.48 


1,20 


8.50 


0.71 


3.11 


2.31 


10.78 


1.34 


7.43 


2.33 


49:21 


0.96 


6.46 


1.80 


13.93 


1.23 


13.25 


1.53 


6.27 


1.06 


6.68 


1.34 


3.11 


0.83 


16.38 


9.59 


99.97 


1.00 


8.83 


2.13 


16.58 


4.38 


68.93 



Variation of the Saltness of ffie Water near New York, 
I. — North River, on the South and West Sides of the Island. 

Locality. Depth. Salt contained la 

one U. S. Gallon. 
Between Castle Garden and G-over- 

nor's Island, below the City Surface •. . . . 807 grains. 

Off 25th street, 300 ft. from pier head. Bottom, depth, 26 feet 1,037 " 

Off 25th street, 300 ft. from pier head. Surface. 328 ^ 

Off 25th street, midchannel Bottom, depth 36 ft 1,140 ** 

Off 51st street, 400 ft. from pier head. Bottom, depth 36 ft . . 812 " 

Off 5l8t street, 400 ft. from pier head. Surface 266 ** 

IL — East River. 

Off 35thBtreet Surface 1.088 " 
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Where the substance dissolved is not salt, the water is generally called 
medicinal, if it is not fit for ordinary uses. Several kinds of medicinal 
waters are distinguished. 

1. Watei-s, with solids in solution without gas. 

2. Waters, with solids in solution with gases and not acids. 

3. Acid waters. 

4. Alkaline waters. 

5. Ferruginous or chalybeate waters. 

6. Sulphurous waters. 

7. Waters with iodine. 

In almost all of thefse waters a little silica and some nitrogenoos 
substances are found. 

Water in the state of vapor is always present in the lower part of the 
atmosphere. In this condition it is completely invisible, and its presence 
is only ascertained by hygrometric or meteorological phenomena which 
depend on the quantity of the vapor at a given time, and the relative 
temperatures of the earth and the different strata of air. Occasionally it 
becomes visible in the state of fogs and mists. It is frequently observed 
issuing from volcanoes as condensed steam, and also from fissures in the 
earth's surface. These vapors firequently carry off with them other 
substances either in solution or as a mechanical mixture. It is also found 
in the state of vapor, but condensed at a high pressure, mixed with 
lava in a state of fusion, firom which it is given off in jets of steam as 
the lava cools, 

SUIiPHUR. 

Salpbiir, S. ORTHORHOMsia 
Syn. — ^Naturlicher Schwefel, Soufre. 

Sulphur crystallizes as a right rhombic prism of 101° 46'. It has traces 
of cleavage parallel to the faces of the prism and rhombic octahedron 
It is not found with the primitive form, but generally as rhombic 
octahedra. Many of the crystals have the basal pinacoids and some trace 
of the prism. Combinations of two octahedra with iJie brachydome 
and macropinacoid are not unfrequent^ and sometimes the brachypinacoid 
and macrodomes are found. When crystallized below 0*C. it sometimes 
takes the. form of a pseudo-hexagonal prism, with a rhombic octahedron. 
Fracture, conchoidaL The lustre of Sulphur is variable and is often quUe 
bright. It is always somewhat adamantine and somewhat resinous, 
but is not always the same on all the faces. Thus, those of the basal 
pmacoid and the macropinacoid are always less bright than the others. 
The lustre of the fracture is very bright. Transparent, translucent and 
opaque. When it is quite pure, it is of a yellow color, called sulphur-yel- 
low, sometimes having a greenish tint. It is sometimes of a reddish color, 
which has been attributed to traces of selenium. Streak, sulphur-yellow, 
reddish or greenish. It possesses the property of double refraction in a 
very high degree, the phenomenon manifesting itself even between two 
parallel faces. It is very brittle, breaking with the h«Kt of the hand 
H,= 1.5-2.5. €r,=2.072, when pure, but it oflen contains other 
substances. 

Pyr« &€• B. P. Heated in a closed tube it fuses and volatilises, 
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leaving no reeidue if it is pure, which liowever is quite rare in natural 
spetiraensj a residue, wliich is more or less lac^, ia almost always left 
a«!ordiug lo the degree of purity of the specimt-a. In an open lube il 
bums with a blue llame, and gives off &, If rubbed, it shows reainoti!) 
electricity, which it preserves tor a long linie. Insoluble in water and 

Pure Sulphur is met widi quite frequently in nature and is sometiraea 
ccystAllized tind sometimes amorphous. It is sometimes found as 
otalsctiles radiated about a central axis. It is also found as in- 
crustations, which are sometimes fibrous and interlaced. The density of 
such Tarieties varies from 1.98-2. They are very easily broken as the 
fibers separate, and have a very feeble, resinous lustre. Their color is 
generally sulphur-yollow, tending to a grayish-white. They are hanfly 
translucent on the edges. When it is amorphous, Sulphur iias a variety of 
shapes; sometimes it seems to have been melted and appears an 
stalactites, in which state it is usutJly found in calcareous or volcnnic 
rocks. It is opaque and is sometimes entirely brown and could not be 
immediately rccogni;:ed. This coloration is sometimes owing to nut 
more than 0.1^ of foreign substances. It is sometimes found as cavernous 
and drusy masses, in which state it is generally produced by thermal 
springs. In this state it is In the shape of a whitish powder that hag 
htUe or no. consistency. It is also found in whitish, compact mosses, 
with occasional yellow spots. This same variety is also found putvenilent. 
Such varieties sometimes occur in the nodules of Silex found in the 
Jarassic formation. 

Sulphur was the first substance in which dimorphism was discovered. 
Mitacherlich was the first to discover this fact. In nature Sulphur 



, may however be crystallized 

iraes a form derived from the 

n being 90° 32', The incliuation 

e of a dark orange color. They 

If they are touched, Ihey 



crystallizes in the right rhombic p 
artificially by fusion and it then ss> 
monoclinic system, the angle of the pru 
of the axes is 95° 46'. These crystals a 
are soluble in CS' as natural Sulphu 

become opaque and fall into octahedra of the orthorhorobic system. 
These crystals may be produced directly by evaporating a solution of 
Sulphur in CS'. This allolropic condition is very unstable at the 
ordinary temperature. Deville obtained permanent oblique crystals by 
dissolving Sulphur in chloroform and evoporating ; this produces a 
mixture of oblique octahedra and prisms of an orange color. If the 
solution of CS' is quite exempt from Sulphur in excess, these prisms may 
be obtained. If not, the crystals become transformed giving out a 
considerable amount of heaL These two ollotropic conditions of Sulphur 
may become mixed by crystallization in difierent proportions. Whtn the 
obhque form is in only a very small proportion in the mass, the 
transformation of the whole is very slow. The mass is viscous and of a 
dark color and of lower density. It sometimes takes several years for 
it to resume its natural density. Tliere are still other allotropic conditions 
of Sulphur. Some are insoluble in CS' and others soluble, but do not 
crystallize. One of them is the elastic Sulphur which is obtained in 
laboratories. 

Sulphur appearB to be formed under several distinct conditions. 
Bomelimes it is evidently a volcanic product, at others it reRults from the 
decomposition of IIS, which is contained in the soil of certain countries, 
which becoming exhaled, undergoes a partial cumbostion, and deposits 
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Sulphur ia little crystals. These varieties of Sulphur are easily soluble in 
CS, while those of volcoaic origin are much less so. It is also produced 
by the deoompasition of sulphates, which in contact with organic matter, 
undergo a partial decompositioru and give rise to sulphides whiph are 
oUcti again decomposed by the in the air, so that the Sulphur is depoeit- 
ed in a pulverulent form. This phenomenon is reproduced every day in 
the bleacheriea, and also in the pipes which conduct water charged with 
sulphates. A remarkable instance of this kind is seen at Engloisen, the 
lake of which is supplied by artesian wells. At a certain depth the well 
pierces a bed of peat. All the water coming from below tlilB bed, is 
charged with sulphates, and all the lyater above i» charged with sul- 
phides. The flints of the Jurassic formation, which have been mentioned, 
are generally the fossil remains of some of the inferior orders of animals, 
whose viscose bodies have been replaced fay silica, in waters which were 
charged with sulphates ; in presence of the organic matter, these sulphates 
have heeu decomposed, and have given up their Bulphur. This phenome- 
non takes place frequently on the aea shore, whore the water contains sul- 
phates in solution. AIL &e iron oaila which fall from vessels, become in 
this way after a time, transformed into sulphide of iron. 

Sulphur also exista in nature aa H3. and is often discharged with more 
or less vnpor of water. Many of the miasmas of Itft'y are of this kind. 
S is also given off in nature, but may corae from the H3, for it may un- 
dergo different kinds of combustion by which 8, fl and even 8 are 
produced. In the presence of certain poroits rocks and certain organic 
matter, 5 is formed. Thus, at Aix-les-Bains, the bathing rooms are fre- 
quently rotted by the 5 produced by the decomposition of the US. 
Springs charged with S have been discovered in this country. Boussin- 
gault says that the Eio Madeira of Brazil is charged at certain points with 
considerable quantities of S, 



J. 11. P; with the base, occurs quite frequently. Hg. 12. P. 
CO. JV7. 13. P, OP ; often tabular. Fig. U. P. i P. Fig. 15. 
»P. Fig. IG. P. r-oo. Fig 1~. P. P co. -J P. OP. 

TELLVRIITIH. 



Svs.— Gediegen Tellur, Gediegen Sylvan, Tellure-auro-nalif ferrlfere. 

It crystallizes as hexagonal plates, the basal edges of which are modi- 
fied, or as a rhnmbohedron with an angle very near 90°. Cleavage per- 
fect, parallel lo the prism, imperfect, parallel to the base. Lustre, metallic, 
but becomes dull on exposure. Color and streak, tin-white, sometimes 
vellowish, rosy or indistinct, and not always uniform. Quite brittle. 
H.=2-2.6. Ci.=6.1-6.3. Composition, Te D2-97, Fe 7, An 0,25-2,786. 

PjT, &C. B. P. Fuses easily when heated. It will even melt ia 
the flame of a eajidle. In an open lube it burns with a blue flame. 
Sometimes it gives a hltle sulphur, and generally tlie smell of selenium. 
The result of (he combustion is a fusible oxide, which is white if pure, 
and red if mijtcd with selenium, or yellow if soiled with bismuth. On 
Oh., fijses, coloring the flame green, and gives a white coaling, and almost 



J 
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always leaves a little gold. The non-oxidizing acids are without action. 
S dissolves it, and the solution becomes turbid on the addition of water, 
on account of the bismuth present. 

It was found in Transylvania some years ago, in large quantities, where* 
it was smelted to extract the gold. It is now quite rare. The blowpif>e 
distinguishes it from Antimony, Bismuth and analogous substances. It la 
usually found in crystalline, granular masses. 

CAMBOJi. 

Diamond C. Isometrio. 

Syn. — Demant, Diamant 

Pure carbon is found as two minerals, Graphite and Diamond. The 
Diamond is carbon almost chemically pure. It is found in nature in 
different states, sometimes crystallized, sometimes as a concretion, and 
sometimes with an intermediate structure. The Diamond crystallizes in 
the isometric system, like most of the simple bodies. Its usual forms are 
the octahedron and the hexoctahedron. These two forms are frequently 
combined, PL I. Fig. 21. The forms of the Diamond are various. Ttie 
cube, by itself, is quite rare and is almost always opaque. It is however 
found combined with the hexoctahedron. Frequently the faces of the 
hexoctahedron become rounded and the lines corresponding to the 
diagonals of the rhombic dodecahedron are obliterated; tlie fij^e 
then appears to be a rounded dodecahedron, Mg, 19. When the £ces 
of the octahedron are shown on the hexoctahedron, they are always 
plane and brilliant, though small. This allows of their being easily 
distinguished from the others, which are generally rough and convex. 
The octahedron with plane and curved faces is sometimes found. The 
cube with faces of the tetrahexahedron also occurs, Hg, 23. Rounded 
hemihedral forms are quite common ; these, compressed so as to obliterate 
some of the faces, form quite complicated crystals, JFig. 25. Hemitrope 
crystals of Diamond are also found ; the . most usual one is that of the 
octahedron, Mgs. 26 and 27. The hemitrope of the hexoctahedron in 
which a part of the faces are wanting is a characteristic form, JFHg, 28. 
Macles of two tetrahedra are common, Mgs, 29, 30, 31, and also those of 
the tetrahedron and hemi-hexoctahedron inclined, Fig, 32 ; two cubes 
interpenetrated are also found. Fig, 33. Fracture, concboidal. Lustre 
adamantine. Cleavage perfect, parallel to the octahedron. Transparent, 
translucent, or opaque. Color, white or colorless; sometimes it shows 
yellow, red, orange, green, blue, brown, or black tints, which in certain 
specimens may become quite dark. Index of refraction, 2.439. B[,=10. 
0.= 3.5295-3.55. Composition, pure carbon. 

Pjnr. &€• B. P. May be entirely burned in the oxyhydrogen 
flame, forming 0. Insoluble in acids. 

The various forms of the Diamond present the remarkable peculiarity 
of rounded faces. This is probably owing to the circumstances in 
which it crystallizes. If a number of artificial salts are crystallized from 
a viscous liquid, some of the crystals will have plane faces, but others 
curved faces. If now when the crystals are formed, the mother liquor 
is rendered less viscous, some, but not all, of the faces will become plane. 
Those which become plane at the same time, are gencGEilly those which 
are produced by the same law, and reciprocally. WhUe these phe- 
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nomena are taking place, the cleavage plane of the crystal remains plane, 
whatsoever may be the convexity of the crystal. 

Even the best crystallized Diamonds have a rough look and a peculiar 
lustre, which is characteristic. The variation in density is owing to the 
fact that it is sometimes mixed with foreign substances. It is the liardest 
of all known bodies, but is however very fragile, owing to the ease with 
which it cleaves parallel to the face of the octahedron. It is most 
valued when it is colorless. Rarely it has quite bright colors, which, in- 
stead of diminishing its lustre and value, increase them. It has a very 
peculiar lustre, and in order to distinguish it from all others, this lustre is 
called adamantine. Its intensity is very variable. It may be very strong 
or weak, according to the state of crystallization, but its peculiar character 
is always preserved. This lustre is brighter in the fracture than in the 
cleavage, which is lamellar, while the fracture is conchoidal. The 
Diamond possesses simple refraction in the highest degree. Its dispersive 
power is very great, which is the cause of its peculiar brilliancy called the 
j&re. 

With the exception- of its form, the concretionary Diamond is in every 
respect similar to the crystallized Diamond. Its form is frequently 
spherical, with surfaces which are sometimes drusy* or pointed witJi little 
crystals. It does not show any distinct cleavage. Its fracture is almost 
fibrous and frequently radiating from a center. This variety is frequently 
colored. The amorphous Diamond has no very definite structure, and is 
remarkable only for its extreme hardness. It is found in irregular masses, 
which, when examined with a glass, are found to be made up of minute 
cells separated by thin partitions, which have a kind of transparency, 
that gives to the mass the appearance of coke. These masses are often 
brown, or almost black, wim a very feeble adamantine lustre. There 
appears to be at times, a passage from the amorphous to the crystalline 
variety. Its density Varies from 3-3.4, being very much diminished by its 
interior cavities. It is lighter and less fragile than the two preceding 
va»eties. The powder is grayish, almost the same color as that of the 
crystallized variety. It is sometimes called the Black Diamond. It is 
easily recognized by its hardness and lustre. M. Mdne heated Anthracite 
from Creusot, having 2 ^ of ash, in a crucible for a long time, when it 
assumed a metallic lustre and cut glass. The Diamond may be considered 
as pure Carbon. This fact was discovered in 1694, when it was burned 
for the first time in the academy at Florence, by a powerful burning glass. 
The crystalline colorless varieties, gave only 0.01 J^ of ash. In the 
colored varieties the proportion is larger, the Black Diamond giving 
2-3 ^, The appeiarance of the ash varies ; that of the crystallized varieties 
is crystalline, and that of the Black Diamond resembles the ashes of 
vegetable fuel. 

For many years the Diamond was supposed to be the product of 
organic action, but it is now everywhere admitted that it is a mineral 
What proves it, is that some Diamonds contain other mineral substances 
such as Gold, &c. ; besides minerals, it contains germs of Fungi, and 
fibers of vegetable structure of a higher organization, from which it does 
not seem to have been formed at a very high temperature. Some 
Diamonds contain red, white and black spots, and if they are heated to- 
redness, and protected from the air, these spots disappear. This property, 
which is well known to and used by jewelers, seems to prove that the- 
temperature at which the Diamond was formed, was below red h^t. 
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Another experiment made by Jacquelin, in which he transforms the 
Diamond into Graphite, by exposing it to an electric current, seems to 
prove that Diamond and Graphite are only allotropic conditions of carbon, 
differing in the temperature at which they were formed. The Diamond 
has probably been formed like coal, by a slow decomposition of substances 
containing carbon, whether vegetable or mineral. It has been formed 
under the same conditions as regards metamorphism, that have produced 
the argillaceous shales and gold-bearing rocks which accompany it The 
schists which were altered, may have been shales impregnated with hy do- 
carbons. The formation of Diamond from a hydrocarbon gas is quite 
analogous to the formation of sulphur from HS in the wet way, where, 
the hydrogen becoming oxidized, only a part of the sulphur becomes S, 
the rest remaining as Sulphur ; so in the humid oxidation of the hydro- 
carbons the hydrogen is oxidized, part of the carbon becomes Q, while 
the rest of the carbon may crystallize as Diamond. 

Formerly the Diamond was cut in flat stones, having large parallel 
faces ; this method however gave only a little fire, and now the methods 
which are generally adopted are the forms called Rose and Brilliants. 
The Rose has usually two plane parallel faces, the one below being larger 
than the one above, but the upper table is sometimes surmounted with a 
pyramid, Fig, 35. This method of cutting, however, diminishes the 
amount of fire and it becomes necessary to set the stone with an opaque 
back, which is generally of silver, thus throwing back the rays of light 
and increasing the fire. This method of cutting is only used for nat 
stones which do not have a good form. The method of cutting 
in Brilliants, Mg, 34, is much better adapted to .stones of value. It 
consists of an upper plane, which is quite large and generally square, with 
the angles cut ofif. This is surmounted by a border made up of triangular 
or lozenge-shaped faces. This border generally occupies one-third of the 
whole height of the stone. There is sometimes another border below 
called the pavilion, which occupies the other two-thirds of the height^ the 
faces of which have the same general shape, but are longer. This is 
terminated by a lower plane similar to the upper one, but much smaller. 
This method of cutting is the best for the fire, since the rays of light no 
longer traverse the stone but are thrown out of it by the upper, face 
through which they enter. For this reason the stones are always set 
open. There are special methods of cutting for those stones, which 
would lose too much of their weight by being cut in the ordinary way. 
It as expected that a rough Diamond will lose A of its weight in cutting. 
When the stone is of a remarkable size a mould is generally taken of it in 
plaster. This model is then cut, so as to allow the largest possible brilliant 
in this way the method of cutting which will make the stone lose the 
least possible weight is determined. When the stone is very large and 
would lose too much of its weight by cleavage, it is simply worn down 
and then .polished, but it would take three or four years to cut a large-sized 
stone by friction only. A cut Diamond sometimes seems to have defects ; 
this may «be ewing to the fact that some of the natural faces have been left 
in order inot»to reduce the size of the stone too much. Such faces are 
always very -small. This is the case with the stone known as the '^Star 
of the South:" 

The Ancients knew nothing about cutting the Diamond, but wore as 
ornaments only the natural stones. They chose always the most regular 
ones, especially those with sharp edges. It was not until 1456 that Louis 
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Berquen, of Brages, in Belgium} discovered the method of cutting the 
Diamond so as to increase its lustre. The first step in cutting is to take 
off the outer coating of the stone by means of the natural cleavages ; if 
in this operation it becomes apparent that the texture of the stone is 
uneven, or that it is covered with knots, it is thrown into the refuse to be 
powdered. If the stone passes this test, it is ground according to the 
form that it is to receive, by rubbing two stones together under water. 
When the approximative form has been given in this way it is fastened 
to 9k. stem of copper, terminated by an instrument destined to hold 
the stone which is hdd in position by casting fusible metal around 
it The face is now finished by bringing it against the surface of a whe«l 
made of soft steel and covered with diamond powder and oiL This 
wheel is horizontal and the stone is inclined upon it at the angle which is 
intended for the face. In this way the stone is polished, each face being 
snooessively produced. The Diamonds which are not fit to cut and 
which are not needed for powder are used for the ends of tools for 
drilling or turning hard rocks, such as Granite and Porphyry. The 
small stones which hKve very sharp edges are used for cutting glass; 
those which are best adapted for this purpose are those which have the 
terminal angles of the octahedron, because in this case there will be but 
a single point of the Diamond in contact with the glass which cuts the 
latter, vnll[k)ut crushing it. Wollaston has shown that every stone which 
scratches glaai^ as Corundum, Quartz, etc., cut in the same way, will also 
cut glass giving a clear cut The clear stones of Diamond have for a 
long time been used as jewels for watches. The Black Diamond has also 
been used for a long*tiQie for turning, and lately in this country foi 
drilling the harder rocks. 

* A Diamond of 6-6 carats is a very large stone, those of 12-20 are very 
rare and veiy few are known that weigh more than 100 carats. 

Weight of Histobio Diamonds. 

Gnrstft. 

Rajah 367 Piggott 

Great Mogul* 279^ NassacI 

Orloar 194} Dresden 

Koh-i-noort 186 Sancy 

Portuguese 148 ^ £ae[enie 

Fk>rentine 139^ Pasha 

BegentI 136] Dresden (green) 

Star of the Soutbf 125^ Hope (blue) 

Koh-i-noor (recut) 106^^ Polar Star 40 

8hah 95 Cumberland 82 

SulUn of Turkey 84 Russian (red) 10 

Jewelers acquire by praciiee the habit of distinguishing between the 
Diamond and all other stones which are used to imitate it. It requires 
long experience and practice to acquire this power and it is better to use 
some scientific means than to trust to the judgment alone. These means 
are^ven in the following table. 

* Ummt It weUrh«d 900 ear»t8. t Uneat K weighed TB8 eftrftti: it it rappoMd fl»t anotiMr 
fton« w^faing ISO cants wm cat off the orljg^inal. 1 Uneat it welriied 410 caratik f Uneat It 
witghedMliflttrati. r UkMUt it weigiied «$ eanta. 
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Table vor DismNGuiSHiNG Precious SToyia. 









JndM 






WiMmMUtt 


B^f^aetion, 




EMrUMy 


Diaihond. 


3.52-3.55 


\ Simple. 


2.455 


PosiUTe,notdayabla. 


Ruby, Sapphire j 


\ 








and Oriental | 


^ 3.9-4.3 


Doable. 1 axis. 


1.765 


Lasts sereral honrs. 


Amethyst. ] 


\ 








ChrysoberyL 


3.5-3.8 


Doable. 


1.760 


Lasts sereral hours. 


White Topaz. 


3.4-3.6 


Doable. S axea. 


1.635 


More than 94 boon. 


Chrysolite. 


3.3-3.5 


Doable. 


1.660 


Positive. 


Emerald. 


2.6-2.8 


Doable. 1 axis. 


1.585 


Positive. 


Spinel. 


3.4-3.8 


Simple. 


1.755 


Not tried. 


Zircon. 


4.4-4.6 


Doable. 1 axis. 


1.990 


Positive, not donble. 


Quartz. 


2.6-2.8 


Double. 1 axis. 


1.549 


Positive, iiotdiinib]«k 


Strass. 


yar. 3.5 


Simple. 




Not datable, variable. 



The Diamond has neyer yet been found in plafte, but only in allayiml 
formations. In Brazil, in the province of Minas Geraes, it is found in a 
sandstone, which is probably a metamorphic rook, called Itacolu- 
myte or flexible sandstone. It is often pierced by minerals .which may 
have penetrated it alter its formation. It is made up of crystals.of Quartz 
that interlock with each other so as to allow of a little moyement. It i^ 
possible that the Diamond may also have been formed and penetrated this 
rock like the other minerals it contains. Fragments of Itacolumyte con- 
taining Diamonds have been offered for sale at Rio Janeiro. 

Many attempts have been made to reproduce Diamond artificially but 
only very small crystals, if any, have ever been made. Any attempt ta 
reproduce it is made in the dark, because we know so little about its 
natural production, and this is probably the secret of ihe constant 
failure to make it artificially. The mines of Brazil were first opened 
in 1727. It is estimated that since then, they have pro- 
duced two tons 'of Diamonds. The unit of weight adopted to deter- 
mine the value of the Diamond is the carat. The name ie taken from 
a bean of the East indies, for which the weight of 2^ centigr. has been 
substituted. To -dt^termine the value of the stone, the price of the first 
carat is determined by the purity of the stone and the probable ease with 
which it can be cut. In England, a Diamond weighing one carat and of 
the purest water is worth, when cut and polished, £12. From this as a 
starting point the price increases with the square of the weight multiplied 
by 12, but in larger stones the value is generally arbitrarily fixed. The 
rough Diamonds are divided mto several categories. Those which con* 
tain no defects are called orystallized, or of the first water; those which 
are only slightly colored and have only a few defects are called of the 
second or third water. Beyond this ipoint, tbey are placed among the 
refuse and are reduced to powder to pdish those of the other classes. 
The dealers in rough stones acquire the power of distinguishing the water 
of a rough stone by simply breathing upon it Kot only the water, but 
the color may be ascertained in this way after practice. If the stone 
breathed upon is light green, the Diamond is colorless and of the first 
water. If it is pale yellow, it is fawn color and of the second water. A 
milky white will give a bluish tinge called celestial-blue, of the second 
water; gold-yellow gives a reddish tinge of the second water. Stones 
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which have deep colors are called fimcy stones. They may be green, red, 
blue, or black and have a high value on account of their rarity. In an 
invoice of rough Diamonds there is generally one-third of the first water, 
one-third of the second, and one-third of a quality for reducing to pow- 
der for polishing. This proportion will of course vary, with the place 
from which the stones are sent. The stones which came from the mines 
of India, now no longer worked, contained more of the first water than 
ihose from the Urals and Brazil 

The Diamond is found in this country in Franklin, Rutherford and Hall 
counties, North Carolina, in Manchester, Va., and in several places in Cal- 
ifornia, and it is reported firom Idaho. 

rOBMULA OF THB CBTSTALflL 

Fig. 18. 0. Mg. 19. ooO, with curved faces. JF%r. 20. 3 Of 
with curved faces ; characteristic form. Fig, 21. 3 f . 0. Mg, 22. 

OoOf Fig. 23. ooOf ooOoo. Fig 24. —^. Fig. 25. Distorted 

form of JR^. 20. Fig. 26. Hemitrope ; composition-face 0. » Mg. 27. 
The same. Fig. 28. Hemitrope of Hg. 21 ; the middle portion of the 
crystal, belween the opposite sets of six planes, is wanting. Mg. 29. In- 
terpenetrating tetrahedra ; composition-face O. Fig* 30. The preceding^ 
with the octahedron. Fig. 31. Interpenetrating tetrahedra. Fig. 32. 

Twin crystal formed by interpenetrating crystals, with the combination 

304 
^ . -rt". Fig- 33. Interpenetrating cubes. Fig. 34. Form of the 

Brilliant Fig^ 25. Form of the Rose Diamond. 

Graphite. C. Hexagonal, 
Syn — ^Plumbago, Black Lead, Reissblei, Fer carbur€. 

It crvstaUizes in hexagonal tables, with traces of a rhombohedron of 85* 
29'. Other forms are sometimes found, but it is generally not very well 
crystallized. Cleavage very ea8y, parallel to the base. Lustre, metallic. 
Opaque. Color, black. Streak, black and shining. Flexible in thin 
lameflffi. Sectile; soils the fingers. H,=l-2k .O. =2.0891. . Compo- 
sition, pure carbon. 

Pyr. dec. B. P. Infusible. At a high temperature burns, leaving 
generally a little red ash. Not acted on by acids. 

It is rarely ever pure, and when used must undergo a careful 
preparation to separate it from foreign substances. By many it is 
considered as the ultimate form of the coals of vegetable origin. It 
appears to be produced by the decomposition of some organic matter. 
It is frequently found associated with Calcite and the granular variety of 
Amphibole, called Pargasite. It can only be confounded with 
Molybdenite, which is of a bluish color, and which gives a greenish 
streak on glased porcelain and the molybdenum reactions betbro the 
blowpipe. It is largely used in the arts for the manufacture of lead 
pencils and crucibles, and also as a lubricator. It has been found in the 
U. S. in Massachusetts, Connecticut, Vermont^ New York, North Carolina, 
and elsewhere. 
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CJarbonlc Acid. d. 

Snr.— Kohlensaurei Acide oarboniqae. 

Carbonic acid is giyen off from many mineral waters, and near some 
volcanoes. G.= 1.5245. Taste, slighUy acid and pungent. Destroja 
life. Composition C 27.27, O 72.73. 

The Saratoga and Ballston waters owe their sparkling to this gas. 
Sometimes its disengagement is distinctly traceable to the decomposition 
of carbonates^ but generally this phenomenon is more or less intimately 
connected with volcanic action. In some countries, as in France, the 
soil is impregnated with Carbonic acid, which is such a serious obstacle 
as to entirely prevent the working of certain mines. A pit which was 
ftill of Carbonic acid has been known to empty itself after standing for 
years, the gas following the track of a road and suffocating horses m a 
stable more than 100 meters from the orifice of the pit In the island of 
Java, there is a valley filled with Carbonic acid which is* called the 
" Valley of Death," the sides of which are strewn with the bones of idoq 
and animals. It is probably the crater of some extinct volcanpi or ia 
connected by fissures with some permanent source of Carbonic Acid. 

BORON. 

SaMoIlte. £[' B. TRicLiNia 

Stn. — Sassoline, Boric acid, Borsaure, Acide Boracique. 

It crystallizes as a doubly inclined rhombic prism of 118* 30'. Crystals 
are however quite rare. It has a very perfect basal cleavage. Lustre, 
pearly. Translucent. Color, white, or yellowish, someljmes gray when 
associated with Sulphur. Taste, slightly acid, saline and bitter. Feels 
smooth and unctuous. II.:=1. Cr.=1.48. Composition, B 56.4, £[ 43,6. 

Pyr. dec. B. P. In a closed tube gives off water. Fuses to a clear 
glass, coloring the flame green. Soluble at 100° C. in 2.97 parts of water. 

It is quite rare in nature. The eruptions of some volcanoes have pro- 
duced deposits of little white crystals of Sassolite sometimes associated 
with Sulphur, which have a peculiar and waxy lustre. The crystallization 
is usually very imperfect, and they are generally nothing more than silvery- 
white scales. It occurs also in considerable quantities in the lagoons 
of Tuscany. It is easily recognized by its lustre and the green flame 
before the blowpipe. 

SlIilCOBT. 

Oxygen Compounds. 
Quartz. Si. Hexagonal. 

Stn. — ^Bergkrystall, Quarz, Eiesel. 
Silicic acid alone constitutes the mineral Quartz. This mineral is sus- 
ceptible of a large number of very remarkable allotropic conditions, whidi 
are distinct by their mineralogical, physical and chemical properties. They 
might constitute a number of distinct mineral species. It would however, 
be difficult to separate them, on account of the gradual and imperceptible 
passage of one into the other. They are therefore united under the name 
Quartz and regarded simply as varieties of the same species. 
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We shall thus consider: 

Crystallized Quartz, 

congbetionart quartz aoate of cuasaxdovt, 

Jasper, * 

Si LEX or Flint, which is more easily attacked by alkalies than the other 
varieties It is never pure. 

Earthy Quartz, sometimes in the shape of flour and, in every way analo- 
gous to the silicic acid produced in the laboratories. It is often formed 
of the skeletons of infusoria. , 

Qoartzites and Sand. 



Quartz crystallizes in rhombohedra of 94* 15'. It has a very difficult 
cleavage, parallel to the faces of the primitive rhombohedron. In order 
to produce it the crystal must be heated and thrown into mercury; if 
thrown into water it would split, without cleaving. The primitive rhom- 
bohedron of Quartz is very rarely found, and is always in very small 
crystals. A form which is sometimes found is the rhombohedron, with 
tfte hexagonal prism, PI II. I^, 3. The faces of the prism are then 
always striated parallel to the horizontal diagonal of tlie rhombohedron, 
i. e. across the faces of the prisms. The most general form however is 
the combination of the two rhombohedra, R and -R, by which the prism 
is apparently terminated by an hexagonal pyramid, Mg, 2. These faces 
are frequently very unequally developed as in Itga, 9 and 33, and generally 
show a difference in lustre. In some varieties, especially the opaque ones, 
the two rhombohedra are equally developed, which gives an hexagonal 
pyramid with equal faces. Fig. 2. When the hexagonal prism 

disappears, we have a complete hexagonal pyramid, Itg» 1. It some- 
times happens that two and even three rhombohedra at different angles 
are placed together, giving rise to pointed forms, Mgs. 10, 11, 12, 13, 
and 32. The faces of different rhombohedra usually have different lustres. 
Crystals of Quartz are capable of a peculiar kind of hemihedry. Some- 
times the faces of the tetarto-dihexagonal pyramid (plagihedron) are 
observed, Figs, 5, 9, 11. The right and left forms, when they occur together, 
make a scalenohedron. Fig. 14. It may happen that a series of two and 
even three plagihedral faces occur at fiie same time. These two series 
of plagihedral faces have very remarkable and different optical properties. 
They show the plane of polarization turning in opposite directions. This 
hemihedry is frequently the cause of peculiar phenomena, and sometimes 
changes the lustre of the faces. Some varieties, especial!;^ those which 
are violet or dark yellow, frequently have a velvety lustre in their trans- 
verse fracture, instead of being vitreous as they generally are. If we ex- 
amine this fracture with the microscope, we shall find that it is produced 
by little faces fitting the one in the other. These faces are alternately 
plagihedral right and left, so that the fracture has undulations which give 
It the velvety appearance, the different faces reflecting the light sometimes 
in one direction and sometimes in another. Faceis of the trigonal 
pyamid are often observed. Figs. 5-7. Hemimorphic crystals, however, 
are very rare, I^, 15. Twin crystals of Quartz occur very frequently, 
the most usual ones being those K>rmed by interpenetration. Figs. 16, 17, 
28 and 30, or by juxtaposition parallel to the vertical axis. Figs. 18 and 19. 
More generally, however, they are very irregular, so that one rhombohe- 
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ilroa is dwlributud uneveiilv through the fE«*3 of the other, as in M^. 31, 
in which the shaded parts of the pyramidfil faces are-H and the tinshaded 
parts R. The same tbrmation can be very often observed upon the faces 
of the prism, i^. 29. Geniculated twins also occur, Fig. 20. Crystals of 
Quartz are oilen found which have been compressed, and the real orystal- 
line fornt is very of1«n conceded by this deformity. This compressioainay 
take pliLce parallel to two of the faces of the kexagonal prism, as in li^. 

21 and 27 ; when at the same time it is lengthened in the direction of the 
horizontal axis, forms Bimilar to Flgt. 25 and 26 result. Sometimes the 
flattening takes place parallel to the faoes of the heiagonal pyramid, Fig». 

22 and 23, and sometimes one face of the rhombohedron is developed at 
the expense of the others, J^. 24, Besides these, crystals variously dis- 
torted and bent ore very often found. 

Its fracture is conchoidal or scaly, the pieces having very sharp edges. 
Its lustre is vitreous, but some colored varietiifS have a velvety lustre 
caused by the interpenetration of Cbroua minerals. It may possess every 
possible degree of trarispareaoy. The colors of Quartz are vory 
variable. It may be colorless, or different shades of yellow, brown, 
violet, red, green, blue or black. The colorless varieties are eome- 
times called Hyaline Quartz, and the yellow False Topaz. The brown 
and black are called Smoky Quartz, and the violet varieties Ame- 
thyst. The other permanent colors are white and rose. Almost all 
of these colors admit of being transparent. There are a few, such as red 
am) yellow, which are always opaque. A variety much esteemed is 
known as Aveuturine, which is Quartz filled with yellow mica; it b ofteu 
called Oo!d Stone. This stone is very often imitated and is not to be 
confounded with the variety of Feldspar, that has the same name, 
StreaK, white or lighter than coloc. It acquires vitreous electricity by 
Motion, but loses it very quickly. H.=7. 0,=2.5-2.3, Composition, 
Si 46 6T, O 53.33. 

Pfr, Sfc. B. P. It is infusible by the ordinary manipuIatiouB 
with the blowpipe, and with difficulty fusible in the oxyhydrogen flame. 
It is not acted upon by any acid except HFL 

When It crystallized the Quartz may have become associated with ^ 
other substances. Thus the blood-red varieties, as Hyacinth Quartz, 
which are generally doubly terminated, are impregnated with anhydrous 
sesquioxide of iron, which sometimes only forms an interior or exterior 
film. The violet varieties. Amethyst, are often colored by organic matter, 
but gcneraJly by manganese. The brown, smoky varieties appear to be 
colored by organic matter. Wohler announced some years ago that lut 
had discovered free silicon in these varieties, which however existed 
only in traces. The brown color however does not seem to be owing to 
this cause, for it disappears or at least becomes lighter when the crystal 
is heated. The same is true of the rose and yellow varieties. This 
property is made use of by the jewelers, who heat them until they have 
assumed the exact oolor of real Topaz. The mineral may be colored 
ortiftciaUy. To effect this it must first be heated and thrown into water, 
by which Assures are produced. It ia then placed in oil or honey and 
there results a feeble coloration which ia most apparent in the fissures. 
Tlia colored varieties produced by plunging Quartz into metals in fusion 
are called Rubasees. The color is produced by the oxidation of the thin 
films of metal that penetrate the cracks. Ebelmen succeeded in making 
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silicic acid enter into combination with certain organic substances; a 
substance was thus formed which gradually deposited its silica. 

Quartz frequently envelops crystals of other substances such as Barite, 
Rutile, Pyrite, Asbestus, Chlorite, Epidote, or even substances which 
would be affected by heat, as Stibnite and some carbonates. Sometimes 
it contains cavities, which are filled with a liquid that makes itself 
apparent by little bubbles of gas. Davy after examining this liquid, 
and Brewster after studying its 0{>tical properties, came to the conclusion 
that it was a very volatue liquid, so volatile that when the crystals 
were cut, the sides of the cavity becoming thin, the crystal burst with a 
slight explosion and the liquid was immediately volatihzed. Besides this 
we have seen that under the influence of heat the colorations of Quartz 
changed ; these circumstances would seem to indicate that Quartz was at 
least sometimeSi if not always, formed at a relatively low tempera- 
ture. Within a few years very distinct crystals of Quartz have 
been produced artificially at a temperature of 150" or IGO'^C. Crys- 
tals of Quartz are also found in the Chalk where they must have 
been formed at a low temperature. The appearance of crystal- 
lized Quartz is often modified by the foreign substances which it 
contains and we sometimes see faces of increase in the interior which 
have been covered with other substances. These faces oftentimes do 
not adhere very closely and can be separated by a blow. This 
phenomenon produces the crystals known as cap crystals. Generally 
the material which thus covers the crysMd is oxide of iron or chlorite. 

FORMULA or THE CRYSTALS. 

PllL 
Fig. 1. R. -R. Fig. 2. ooP. R -R. J^. 3. ooP. R. 4R. 
Hg. 4. 00 P. R. -B. 2 P 2 ; the latter faces occur frequently and are 
usually very brilliant Fig. 5. ooP. R. -R. 2P2. 6P|; the lat- 
ter faces form the plagihedron or trigonal trapezohedrbn. Figs. 6 and 7. 
oc P. R. -R. 2 P 2 ; showing the difference between, and the position 
of the Ufi'TMnded and rigkUhanded trigonal pyramids. In Fig. 6 the face 
2P2 is left of the face R, andin Fig. 7 right. Fig. 8. ooP. R. -R 
4R. 6Pt. 2P2. Mg. 9. ooP. ooP2. R -R -7R 6?^, 
showing the tetartohedral face of oo P 2 ; from Carrara. Fig. 10. oo P. 
R -R -7R 6Pf 2P2; from Dauphiny. Fig. 11. ooP. R 
-R -11 R 6Pf Fig. 12. -11 R R -R ; with the rhombohedron 
-11 R predominating, also from Dauphiny. Fig. 13. ooP. R. -R. 
3R -JR. ePf 4 P t ; from Switzerland. Fig. 1^ coP. R -R 
6Pf ; remarkable because 6P| is hemihedral^ forming a scalenohedron, 
as both the right and left forms are present ;- firom Brazil Fig. 15. 
00 P. OP. R -R; a very rtire hemimorphic crystal Fig. 1^. Inter- 
penetration twin. Mg. 17. Hemitrope; composition-face OP. Fig. 18L 
Twin crystal by juxtaposition. Mg, 19. The same. F^. 20. Genicur 
lated twin; compo^tion-face P2.^ Figa. 21-27. Distorted czystals. 
Fig. 28. Group of crystals, 8h6wing the formation of the striations 
upon the prism. Fig. 29. Interpen^tration twin crystal. Figa. 30 
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^.1 .11. '4Viu iwyatab, abowiDg r^^Ur Mid irFeguIar ioterpenetra- 
m.u. liiu uuabiMJvd pMla ue B, Hid the shaded parts -E. JV- ^■ 
t\>iuU'>l v>iJI»Ul, with ft Mriea of different rhombohednk. /^. 33. B. 

1% i^V\ wttlt H lu^Mlomiaatiog. 

VVNWMn'*<MA>«« ^U4aTft or Aaiii U leu pure than the crystallized 
Uu-itU (l VfuUuui li of metallio oxides and lometinies aikalies, which 
rpjii'41 h> iiutuiu W witneates of the solutiotiB which hare deposited the 
uim<u. U liw a variable hardness, but slwajs much leM than that of 
.rvalqlllM^it i^uartx. Ila (Vftcture is generally scaJj and rarelj fibfona. 
Wlioii u^auiiusd by polariied light smalt oeiedles are sometimee aecn, 
nli)>^ niiuU aiiimar to indioate so incomplete crjstallization. It is 
I>iiiiui4ll.v utauioluuuled and Htratified. SometlmeB it looki Uke a mem- 
Ei4i<>-, 1^ '' i^ had bow ft gelfttinoin substance resting on a few points and 
t,^ •ilutwai'daciiulrftoteir It frequently moulds il«elf into cavities, left 
"I'Vh ^X '^t' <HJut>ou of crystals of Fiuorite, Calcite and Gypaniu, and 
u^t!" lliu lihavea of organisms, and especially of fresh water shells. It is 
hLix fuiiiiii liulag largo geodea in concentiic layers, each layer being of a 
liifluiuiil uulor. This is the vuiety sometimes called Ribboa Agate. 
^xiiiu .Vuutea lemarkable for their colors are made use of in the arts, such 
u:> lUu blue variety called Sapphirine, which is the variety that usually 
OIL iLu ouvtUtia lelV by Fiuorite. The Sardine slone, which is a brownish- 
i'i:l|'.\v, (iuriiuliau, clear red, Chrysoprase, clear apple green, and Praee, 
•I'tilt uruuii, Mtu «Uu varieties that are often made use of for ornamental 
iiii>')i'iHi.d 1'liusu uiilurs are sometimes caused by metallic oxides, but more 
ti'i')it''<>llv Ly iii^Miiiu iimtlor. It may be colored by imbibation like crys- 
lil'^"i O'HIU. Tbu varieties which contain crystalline substances 
i<|iiiitl"'t 111-" yftfiitiitiiiii, lire called Moss Agate. This disposition is oflen 

I |ii<.<.<tl<t lti''l'>t"''' I'*!''"*! "'"''' ** those of iron and manganese, and 

ii',iii''liiii'"i hw u>ii ii .ml crystallized in dendrites. Sometimes the 

,..„[,<. i.iI'i.I'Ih I. I ' 1" I l<> I'mutures wliich were formed while the 

\il'tl'' lilt' I'.i"' ' I ' ' Agate may have every degree of trans- 

l»tl' ii'i, wi i' ii << < I < <l>u Dtructure of organisms. This is done in 

It i'>''iil|i|l lt<tr >ii< I >'i I >ii''>l "f petrifaction which nature has not ex- 

I'Miiii-'i, itilll V^'* ' ' ' ''' <li'<lii>ot from the filling up of the cavities 

r\\ I't I'lW'l \*i < '^ '' '< III' '< W» have already spoken and which ofien 
' i|iuv lU '^' '' *' " I '"iMiriilionary Quaitz takes the place of the 

' .i<iliH>l)lti, the empty spaces remaining empty 

i.,, mil i,a,i v iiiilHcod, This IS ollen seen in wood and. 

inliii'it i>iu>iuU"' '' ' litirajy oonverted into Quartz, but which 

' I'lVi tu'li vW'y liii'k>i'i <lii>i'lit>|ii Witli the Hadreporu and other species 
ilH" I- I'lui'UHUt U V I'fi li'"S ^'"'* ""*'" "'^ "*'"^ '^^ ^* species can be 
Vixiiiloi'il TliK Ui'iik K^aiv may ha ftrtlQcially unitated, by causing 
lili'tl" III' >'ll\i>t til lonivtiutti untiltai'y Agate, when the former crystalliiea 

..) I \\,m\ lUllkvi tU itilliWHiiH of liifhl. Tbe loned or Ribbon 

\ ,. I mil luwi m m M^ WIWB tbe Mue* ot^straU are in 

*,\\\i ttiw wh\* 1)1 lirukli uuitlrMt, this variet^.Mualled Onyx. 

I I " . 1 U « utiliiMllfttU'lt |if t'llKitt ftnd white, while the Sardonyx 

I'liiiiVuiatlvii nV (ii« ilard wltli whlt«. Tbe variety which is 

, 'Ulumlu^ Wtivll WHl III onrbunols form, is known as Cat's 

' " ~ MUimus '" wltloh oaae they mvat have 

_ liieM ftre oflen produced artificially. 

,1 u tlw UWUV |UW l« tU Uui highlf-oolored opaque varietiea of 



■in'ini'iniltii'i ' 



. I I , \*luiiilu^ WtlVII WHl 

bi> \.,'iii<v4ii<i>Ui>kku<Ml^t>' 
uiriVi > i>i\H,i ^Ji ilUWimtt m>tL 
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Quarts. One of the most beautiful kinds is the variety called Heliotrope or 
Bloodstone, which is green, Bfiotted with red. The varietj found in 
parolleL bands of different colors, called Ribbon Jasper, is not always 
composed entirely of QuarlK. It contains fufiible portions which are 
probably Feldspar. The red variety of Jasper, when polished, is much 
used for ornaments. Joaper is a Etate which may be affected by any one 
of the varieties, and is especially interesting ou accouot of its use in the 

In the variety of QuaitE culled BiLBi or Flint there is no trace of 
crystallization to be distinguished, even under the microscope. The sili- 
cic acid is still less pure than in Agate, It would seem as if it was in a 
different condition from that of the two other varieties. It even differs 
a little from that of Agate In its chemical characters, for it is ea^ly 
attacked by alkaline solutions, a property which is used in certain 
localities for preparing on a large scale the soluble silicates used in 
painting. It frequently shows a passage into Agate, and even Into 
crystallized Quartz. In the Silei or Flints that occur in the Chalk, some 
parts are found which are quite analogous to Agate, sometimes even 
resembling little crystals. Silex is found in two distinct states. The 
first is called Fyromac, but is generally known as FlinL It is found in 
the Chalk formation, the layers of Flint being distributed in extensive 
beds in which the nodules are not contiguous. Their forms are veiy 



irregular, sometimes ramified and having rounded edges, and generally 
the outside is covered with Chalk. The fracture is quite perfect, with 
very sharp edges ; somewhat translucent. The fracture and the colors 
are always duU, generally white, gray or black. The dark varieties are 
the most frequent. These colors oppear to be owing to organic matter, 
for when it is heated it becomes white and opaque, giving off water. 
The black varieties treated with bichromate of lead give off carbonic 
acid. In most of the arenaceous formations it has undergone a very 
singular transformation, tlie sand being composed of very small crystals 
of Quartz and Silex which have become farinaceous, though still 

E reserving their form. The second variety is known as Quartz-millstone. 
t has a peculiar look and is full of cavities, sometimes resembling a 
sponge. It frequently resembles tlie reticulated tissue of bone. This 
variety is found in regular beds, especially in the Tertiair formation, 
which contains the Fontainebleau Sandstone. They are used for millstones 
when the texture is fine, and for building purposes when it is coarser. 
When the texture becomes spongy, they are used for fortifications. They 
become crushed under the stroke of the projectile and tlius the ball loses 
a large part of its living force. It replaces organisms, especially the 
Bchinoderms. It is however done by filling up Uie empty spaces and 
preserves no trace of the organization. 

The variety called Bartiit Qcabte is an allotropio condition which is 
entirely distinct from the preoeding. Tliis earthy silica is sometimes called 
Flowers of Silica and is Jmogt entirely soluble in alkalies. It is found in 
a number of varieties. The Flints of the Chalk formation are covered over 
with a white crust which appears at first sight to be chalk. It does not 
however effervesce, and it is in fact earthy silica, which is almost entirely 
soluble in alkalies. These Flinta oden ratUe when they are shaken. This 
is caused by the interior being incompletely filled with this earthy silica, 
which is entirely analogous to that which forms the exterior crust. This 
decomposition is oflen carried so far as to make a light porous mass, which 
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Soats upon water and is called Float-stone. Tliis eame pheDomeaon is 
aoinetimes observed in some oalcareoua silicates, from whicli the lime hoa 
been disaoWed. The Geysers oi' Iceland deposit a variety of silicB, very 
analogous to this form, called Qeyeerite. The waters of these springs are 
charged with alkaline slUeatea, which decompose and deposit silicML 
When this rock is examined with the microscope, it is found to be made 
up of little concretionary spheres quite aiialogous to geodes of Ag;ate, All 
these varieties of Earthy Quartz ore rough to the touch, but there la another 
Tariety, made up of the skeletons of infiiaoria which is much smoother. 
The skeletons of theee animals consist of silica, instead of phosphate ol 
lime. This variety is known under the name of Tripoli, and is very much 
used for potiahing. Under the earthy aspects, Eifica has only negative 
oharacters. It is known by its infusibility and not dissolving in acid^ 
and it is not plastic when moistened, as clays are. 

Sand is the name given to Quartz when in small fragments. Sands may- 
be of different kinds ; sometimes each grain is a complete crystal : some' 
times it ia rounded or concretionary ; and sometimes it appears to have no 
form, but to be made up of fragments of crystals. These grains of Sand 
are often united together by a cement. The cement may be metallic aa 
aesquioxide of iron, or it may be lime or ailicic acid. This producea a 
Sandstone. When the fragments are large and round, the rock is called 
Pudding-^tone, if angular, Breccia, When the cement is silicic acid it 
forma a rock which is called Qctartzite. In this case a metamorphic action 
haa often taken place which changes the condition of the Qnartz, eo that 
the mixture becomes entirely uniform and the fracture gives sharp edges. 
At Fontainebleau the Sanda contain sufficient lime to cause them Ui crys- 
tallize with the form of Calcite, even when they contain as much as 80*55^ 
of sihcic acid. Quartz ia found in great abundance in all parts of U. 8. 

Opal. Si. 

Syn. — Fire-opal, Feueropal, Menilite, Hyalite, Piorite, Kieselsinter, Float 
Stone, Schwiram stein, Tri polite, Tripoli, Kieselguhr, 
Alumocftlcite, Hydrophane. 
Opal ia sometimes called Quart7-resinite. It is however distinct {Vom 
Quartz, both in its chemical reactions and in its composition. It ia a 
dimorphous form of Quartz. Its fracture is smooth couchoidal like SJlex, 
hut it b brilliant, almost aparkling, with a peculiar iustj'e known as 
OpaUne. The lustre of Opal ia vitreous, pearly or resinous. Transparent, 
■translucent, opaque. Color, white, yellow, red, brown, green, oftpn with 
ft very bright play of colors. Streak, while. H.=5.5— G,5. 0.=1.9-2.3. 
-Compositiou, Si as for Quartz ; but it contains a variable proportion of 
water, from 3-21 ^, which it may sometimes be made to give up and 
take again. In a vacuum it loses its water and becomes entirely opaque. 
Pf r, dec. B. P. It is infusible before the blowpipe, but loses 
water and becomes opaque. In some varieties, the transparency may be 
'made to reappear by plunging it into water. Sulphuric acid frequently 
' turns it black, which shows that it contains organic matter. Borne varieties 
,,tum red, owing to the presence of sesquioxide of iron. It is soluble in 
^ alkalies, but not eo easily as the calcined silica of the laboratories. 
- The transparent varieties are called Hyalite. They have a mamelo- 
"■^nated and stalactitic form. The variety known as precious Opal ia 
''generally found disseminated in tracbytio or porphyritic rocks and has 
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frequenHj very brilliant colors. Such Opals are highly prized as objects 
of ornament. The exact cause of the play of colors is not perfectly 
understood. It appears to be owing to the hydration of the silicio acid, 
for if an Opal is heated it loses the fire, but sometimes regains it in a less 
degree when it is put into water. Fire Opal is the name of a red variety, 
with a bright play of colors, from Mexico. Jewelers recognize two varie- 
ties of precious Opal ; one of them, called hard Oped, retains its fire with- 
out any sensible diminution ; the other, called soft Opal, loses its fire after 
a time altogether and changes color. It is always most brilliant after an 
exposure to a damp atmosphere for a certain time. The varieties which 
show no play of colors are called Semi-Opal Some milk-white varieties 
which are sometimes a little yellowish, but never transparent, become 
transparent when put into water and give off little bubbles of air, and are 
called Hydrophane ; when it is put into different liquids, as water and 
alcohol, their an>^le of refraction changes, but this refraction does not ap- 
pear to have any relation with the liquid which has been absorbed. A 
very impure variety is found near Paris, which is called Menilite. It 5s 
very fragile and seems to have been formed in a pasty state. Opal has 
every variety of color ; one of the most curious is the rose variety called 
Quindte. It occurs disseminated through limestone and contains consid- 
erable magnesia. 

Opal may, like Agate, replace organisms and especially the woods of 
the Monocotyledons, such as the palms : such pseudomorphs are called 
Wood Opals. The impure varieties are found in many places in the XJ. S. 

SILICATES. 

AinnDRons silicates. 

L Bisilicates. 

Amphihoh Oroup, 

"WollastonUe. Ca Si. Monoclinic. 

Stn. — Tabular Spar, Tafelspath. 

It crystallizes as an inclined rhombic prism of 87° 28'. It is rarely found 
In crystals, PL IL Fig, 34, and these are not often simple. It is general- 
ly in crystalline masses, which are lamellar or bacillary. Cleavage easy, 
parallel to the base. Fracture, uneven. Lustre, vitreous or pearly on the 
cleavage faces. Translucent Color, white, yellowish, brownish or red- 
dish. Streak, white. H,=4.5-6. 0.=2.78-2.9. Composition, Ca 48.3, 
fli, 5L7. ' 

Pyr, dec, B, P. Fuses easily on the edges. With borax, it dis- 
solves and gives a skeleton of silica. When heated it becomes i)hospho- 
rescent With acids, it gelatinizes. Most varieties effervesce in acids, 
owing.to the presence of a little Calcite. 

It will be seen that tliis mineral has the same form and the same 
formula as Pyroxene. The angle of the primitive form is different, how- 
ever, and its optical properties are so distinct, that it cannot be regarded 
as isomorphous with it, A compact variety, which is pinkish, has been 
found in Lake Superior. It is distinguished from Tremolite by gelatinizing 
with acids. From the Zeolitic minerals and the hydrous silicates, by the 
absence of water. From Asbestus and tlie fibrous varieties of Brucite, by 
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the action of acids. It is found in seyeral localities in New York, Penn- 
sylvania and Michigan, 

rORMUUB OF THS 0BT8TAL& 

Fi. n 

Mg. 34. OOP. ocff ooPcx>. cot2. OP. -^Poo. -Poow 
4^Pa). fPoo. Poo. SPoo. 2P00. -2P. 2P. -2P2. 2P2j 

from YesuYius. 

Pyroxeue« 

Pf^oxENE embraces several varieties of minerals, all having the same 
general formula ]ft SL Generally only bases having one atom of ojtygen 
are included under this species. The relation of- the oxygen of the luise 
to the oxygen of the acid is as 1 : 2. The bases which make up It are 
Ca, liilg, ]6*e, and rarely fin and 2n, which are never present in large propor- 
tions ; t(& and & have been found in some varieties, but they appear to be 
accidental, and not essential elements of its composition. Ca is the 
only base that is always found in large proportions. Besides these sub- 
stances, analysis has shown that the mineral sometimes contains ^l. The 
presence of this substance cannot be explained according to the laws of 
multiple proportions, for it cannot exist here, except as replacing a certain 
quantity of the ]ft or Si, or as a mechanical mixture. If we admit as 
some chemists do, that it is possible for ^\ to replace Si, we should be 
obliged to change the equivalent of aluminium. There is no other reason 
for doing this, and it should not be done on such an unsubstantial founda- 
tion. The explanation of a certain quantity of £1 as a mixture in the Si is a 
sufficient and a rational explanation. The species will therefore be divided 
into two general families. Those containing s&l, and those which do not. 
We shall take no occount of the s&l, which is rarely present and always 
in very small quantities, never exceeding 13 ^, and shall conbider it as 
correct to adopt for the formula of the family B SL 

Pyroxene, ft SL Monocunio. 

It crystallizes as an inclined rhombic prism of 87** 5', with the inclina- 
tion of the prism 100" 25'. This difference allows of distinguishing it 
from Amphibole, one of the angles of which is obtuse and the other very 
acute. It has four cleavages, two of which are parallel to the faces of the 
prism and are easy. The third, parallel to the orthopinacoid is less easy, 
and the fourth, parallel to the clinopinacoid is difficult. In a single variety 
an easy cleavage is found parallel to the base. Sometimes the h*acture is 
conohoidal, but generally it is lamellar or fibrous, owing to the easy clea- 
vage. Parallel to the vertical faces, it is fibrous. The lustre is always 
vitreous when it is not decomposed. Transparent opaque. It has every 
variety of color, from white, through green to black. There are also 
colorless, clear transparent green, dark green, brown and black varieties. 
Btreak, white, gray, or greenish. H.=5-6. Cr*=3.23-3.5. 

Py r, &c. B. P, Fusibility from 2.5-3.75. The varieties ridi in 
iron give a magnetic scoria. The reactions are very different according 
to the composition of the varieties. Usually they fuse to a glass darker 
than the specimen. They are not generally affected by acids. 
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ICALAOOUTB. 

LivM-Magnuia Pyroxene, 

Stk.— Diopside, Alalite, Traversellite, Mussite, White Goooolite. 

The colorless varieties are called Malacolite or Diopside. Their color ig 
white, yellowish, grayish- white or green, but the color of the crystals is 
not always uniform. They are usually transparent, or at least translucent. 
All the images seen through the transparent varieties are lengthened. 
The part adhering to the rock is generally greener than the point, which 
is usually colorless. The crystalline form is usually a combination of 
the rectangular and rhombic prism, with the hemi-orthodome, basal pina- 
coid, hemi-pyramid and clinodome, PI. III. Figs, 7, 8, 9. The crystals 
are generally long, having the form of a rectangular prism, which predom- 
inates over the rhombic prism. They are almost always striated and 
sometimes rounded. ^.=3.2-3.38. Composition, for (Ga, liilg) Si, Oa 
25.8, fig 18.5, Si 65.7. 

■ These slightly colored varieties frequently become bacillary, having a 
very decided cleavage parallel to the base, and the crystals are often very 
much flattened in the direction of the orthopinacoid. In masses the 
cleavages and structure produce striations in every direction. The 
cleavage parallel to the basal pinacoid, when the crystal is very much flat- 
tened, is shown in steps; for this reason these lamellar masses are eyily 
recognized. This variety exists also in granular masses disseminatea in 
limestone. In order to distinguish it from the Amphibole family, recourse 
must be had to the measurement of the angles of cleavage. From its 
form Malacolite might be confounded with some varieties of Epidote, but 
it can be distinguished because it is regular and symmetrical, while the 
crystals of Epidote though in the saoie system are not so much so ; they 
are generally lengthened in the direction of the orthodiagonaL 

FORMULJS OF THE CBTSTALS. 
PI III. 

Fig. 7. ooPoo. ooPoo. ooP. 2P. -P. P. OP. Fig. 8. 
ooPoo. ooPoo. ooP. ooPS. P. 2P. Mg. 9. qpP. ooPoo. 
2 P. P. OP. Poo. 2 Poo. 

sahuts. 

Lime^MagnesiO'Iron Pyroxene, 

Snr. — ^Baicalite. 

Some of the green varieties of Pyroxene are called Sahlite. They are 
intermediate in color between Malacolite and the darker varieties, being 
usually grayish-green, deep green or blackish-green. It is usually re- 
markable for its crystalline form, which is generally such a combination of 
rectangular and rhombic prisms with the basal pinacoid and hemi-ortho- 
dome, as to seem at first sight to belong to the orthbrhombic system, 
PI. III. Figs, 13,14,15. It sometimes has a perfect basal cleavage. 
These green varieties are often found in crystalline masses, among which 
some crystals can be seen. The fracture of these masses is generally 
lamellar, but sometimes granular. G.= 3.25-3.4. Composition, for (Oa^ 
fig, te) Si, Oa 24.9, fig 13.4, *e 8, Si 53.7. 
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It U found in granular masses usuolly of n bottle-green color, which 
allows of distinguisliing them from the Amphiboles, which are generally 
bluith-grecD. These masses are made up of grains formed of incomplete 
or;Htals. It is impoBeible at 6rst sight, when there ta neither cry st^ noc 
cleavage, to be able to distinguish them from Araphibole. If, however, a | 
ctearago or an angle oan be found, they can readily be distinguished. 

PI IIL 

Mff. 13. co: 
ooPoD. CO P. 
cdP3. 



00 P 00. CO P. P CO. OP. Hff. U CO P oa 
; Baicalite. Fig. 15. The preceding, with coP3. 



nEDEKBEROITE, 

Iron-Lime Pyroaxne, 
Stn.— Bolopherite. 
Certain black varieties are called Hedenbergite ; these crystals are 
usually radiated around a oentre, or are rectangular and present particu- 
larly the faces of the rectangular pri.-sni, and have an easy cleavage parallel 
to the orthopinacoid. They generally grow larger from the centre, and 
are frequeatly terminated by two hemi-orthodoniea. G.=3.5--3.66. 
Composition, for (J Ca + i te) Si, Je 27.01, 6a 22.95, Si 47 78. 



Lviat-Magn*tia-Alumina-Iron Pyroxene, 
SrN.^Fasaaite, Pyrgom. 

The black varieties are called Augite. It is almost always a volcanic 
product. Its crystalline form differs a liUie from that of the preceding 
varieties. They are generally the figures given in PI. III. Figs, 1-6. 
Figt, i and 5, which have a part of the basal pinacoid remaining, are less 
frequent. The cleavage parallel to the clinopinacoid is very indistinoL 
The two cleavages parallel to the faces of the rhombic prism are much 
easier than those parallel to the orthopinacoid, so that the form mo^t read' 
ily produced by cleavage is the rhombic prism. The cryst^ frequently 
have other smaller faces. These crystals of AuRite are sometimes very 
largo. A rare variety called Fassaite is sometimes found with pyramids, 
^V* ", lOi 111 12. It is found in crystalline masses, or as isolated crya- 
taU in lavas, basalts and other volcanic rocks. G.=3.25-3,5. Composi- 
tion, for (Oa. fig. ("e) (Si, ilj), Si 44.40-51.79, Oa 14.0-24.0, flg 8.75- 
21,11, ("e 4.24-13.02, SI 3.38-8.63. 

Pyroxene has two kinds of hemitropy, sometimes it takes place in (he 
diroolioti of a normal to the surface of the orthopinacoid ; the crystal then 
appunni to he entirely dissymmetrio. Fig, 16. The second kind of hemi* 
tropy does not change the general form of the crystals. It is then pro- 
duood by a rotation around the normal to the basal pinacoid. In this 
CMO, the irregularity ia made apparent by striations and irregularities on 
tlie vertical &opa. It is probably to this hemitropy, that tne cleavage 
iiarallul to the base, which has been mentioned, is owing. In this case it 
Is not a cleavago properly speaking, but a disaggregation of tlie hemitrope 
Uaa%. 
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FORMULJI OF THE CRT8TAL8. 
PI IIL 

Fig. 1. 00 P. 00 P 00. oc f oo. P ; the most usual form of Augite, 
Itg. 2, The preceding, with P ob. I^. 3. The preceding, with -P. Fig. 4, 
Thepreceding, with the base OP. Fig. 5. ooP. ooPoo. ooPoo. C 
P. IP 00. Fig, 6. The combination Fig. 1, with 2 P and 2 P oo. Fig. 9. 
00 P. 00 Poo. 2 P. P.* OP. Poo. 2 Poo; Fassaite. Fig, 10. 
00 P. 00 P 00. ± 2 P. ± P ; Fassaite and Pyrgom. Fig. 11. oo P. 
2 P. 2 P 00 ; Fassaite. Fig. 12. The preceding, with oo P oo. 3 P ; 
Fassaite. Fig. 16. Twin crystal ; composition-face oo P oo. 

LHERZOLTTE. 

When Pyroxene exists in large masses, it becomes a rock and has re- 
ceived the name of Lherzolyte. It is found largely in the Pyrenees and 
elsewhere, resembling the compact masses of Amphibole, which are 
described under the name of Comeine or Aphanyte. It is a rock, with a 
composition very near to Pyroxene, and which has sometimes served as a 
magma, from which the crystals have been developed in the interior of 
the mass when the surrounding circumstances were favorable to its pro- 
duction^ In their exterior aspect, these masses do not differ much from 
the Comeine ; they are compact, green, black or dark brown, but they 
resist the hammer much less. From the looks of such a mass, it is gene- 
rally impossible to say whether it is Lherzolyte or Comeine, but it is quite 
rare that somo portion of the mass does not show a crystal, or is at least 
granular, in which case the cleavages may be distinguighed, 

DIALLAGB. 

Syn. — Bronzite. 

Diallage has until recently been considered as a variety of Pyroxene. 
It has two cleavages of the rectangular prism ; it is lamellar and has a 
lustre peculiar to itself. Its color is a brownish-green somewhat like 
bronze, and it is sometimes called from this Bronzite. Some of the 
varieties are apple-green. It has a changeable lustre. It is frequently 
found associated with Feldspar, with which it forms a rock called 
Euphotide. It is almost always found in small lamell®, A mineral asso- 
ciated with Serpentine has been called Diallage, but it belongs to the 
Serpentines. It is generally of a bronze colon 

HTPERSTHENE. 

Syn. — ^Paulite. 

« 

^ Hypersthene verv much resembles Diallage and is found under like 
circumstances. It has the two cleavages of the rectangular prism and 
sometimes that of the rhombic prism, but this is more difficult It has a 
metallic-glistening lustre on the cleavage faces, and often a play of colors 
inclining to copper-red. It is always found in large crystals and in lai^er 
masses than Diidlage, but the crystals are not distinct. It is frequently 
associated with Labradorite. 



Some varieties of Pyroxene have a remarkable peculiarity ; they contain 
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a certain amount of water which cannot be driven off except at a very 
high temperature. This fact has not yet been satisfactorily explained ; it 
is probable that it is sometimes owing to the mode of formation and some- 
times to a commencement of decomposition. If a silicate which contains 
no bases capable of a higher degree of oxidation commences to decompose 
through the influence of some interior solvent, it frequently happens that 
the soluble bases carry off with them a part of the silica in solution. A 
certain quantity of water may thus become flxed in the crystal, without 
any sensible alteration in the crystalline form. This is all the more likely 
to take place if there are a ceradn number of easy cleavages. It is proba- 
ble that the minerals Diallage and Hypersthene were formed in this way, 
the changing lustre being probably due to the presence of water. 

It sometimes happens that Pyroxene and Amphibole, which are two 
species very nearly allied, exist together in the same rock so that the 
characters of these massive specimens may sometimes be quite vague. 
Besides Amphibole, there are some other substances such as Epidote, 
Yesuvianite and Garnet, which are found in masses analogous to Pyroxene, 
but the tint of the color will generally furnish a guide for distinguishing 
them.r 

Pyroxene is bottle-green; Amphibole is bluish-green; Epidote is 
pistachio-green ; Yesuvianite and Garnet are yellowish-gi^een, but the 
blowpipe distinguishes them. Pyroxene and Amphibole melt easily to a 
colored glass, while Epidote melts with difficulty to a radiated scoria. 
Yesuvianite melts with intumescence, but Garnet is only slightly fusible 
in the dark varieties. 

Rhodonite. "An Si. TaicLiNia 
Stn. — Fowlerite, Bustamite, Mangankiesel, Kicselmangan, Paisbergite. 

It has the same oxygen ratio as Pyroxene. It would seem to be a 
Pvroxene in which the K is Mn, but the crystalline system is different 
The crystals are rarely ever perfect and have as yet only been found at 
Paisberg, Sweden, PI IIL Mg. 17. It has an easy cleavage, parallel to 
the prism and a less easy one parallel to the base. The fracture of the 
mass is lamellar or fibrous. The fibers are diverging or bent It is some- 
times found in masses, having a saccharoidal, concboidal or compact frac- 
ture, which pass into the other varieties. When it is compact and fibrous 
at the same time, it frequently. breaks up into pyramidal shapes. Lustre, 
vitreous. Transparent^ opaque. Color, light brownish-red, sometimes 
greenish or yellowish. The color is quite characteristic when the mineral 
is unaltered. When this color is not caused by the presence of manganese 
it is only produced by cobalt ; but in the latter case there is always a 
violet tinge which distinguishes it from the red of manganese. It fre- 
quently shows on the outside stains of black, brown or pale gray, owing 
to the decomposition of the dlicate, which becomes an oxide, generally 
Braunite. Streak, white. When massive, it is very t^ugh. H. =5.5-6.5. 
G.=3.4-3.68. Composition, Mn 54.1, Si 45.9. 

Pjnr. &e. B. P. Blackens and fuses witli a slight intumescence at 
2.5. In the O. F.,it becomes reddi^-brown and forms Sin. and then eives 
the reactions for manganese with the different fluxes. Partially soluble 
in acids. 

It can only be confounded with Rhodochrosite, but it is easily distin- 
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guished by the actions of acids, as Rhodonite is only sHghtly acted on. 
The hardness is also a sufficient characteristic, as it is much harder than the 
carbonate. It is found in considerable quantities in Maine, New Hamp- 
shire, Mass., and R. L A variety containing 5^ of zinc, called FowTerite, 
is found at Stirling, N. J. Bustamite, fr9m Mexico, is a Rhodonite, in 
which part of the Mn is replaced by lime. It contains 9-15^ of Ca, 

FORMULiB OF THE GRTSTALS. 
PI III. 

JF%r. 17. 00 P. 00 F. oof 00. ooPoo. 2'F. 2,V,. OP. 

Spodumene. (Li'+Sl) Si'. Monoclinio. 

It crystallizes as an inclined rhombic prism of 87°. It was considered 
for a long time a Lithia-Pyroxene, as its crystalline form very much re- 
sembles that of Pyroxene. Crystals are usually macled, and show a pre- 
dominance of the orthopinacoid, with the prism and one or two clmo- 
prisms, Fig, 18. Cleavage very easy, parallel to the orthopinacoid. 
Fracture, uneven. Lustre, pearly, vitreous on the fracture; dull when 
altered. Translucent, opaque. Color, grayish-green to greenish- white, 
slightly reddish. Stteak, white. H.=6.5-7. 0,=3J.3-3.19. Compo- 
sition, Li, G.4, £1 29.4, Si 64.2. 

Pyr« dec. B. P. Becomes white and opaque. Intumesces and 
melts at 3.5 to a white glass, coloring the flame red from the Li. Not 
acted on by acids. 

It is generally found in lamellar masses of ^ slightly greenish tint^ which 
are translucent on the edges Although resembling Pyroxene, it contains 
the fi which would ally it to the Feldspars. This identity of form with 
another mineral, is an example of pleisomorphism, which is isomorphism 
independent of the chemical composition. It resembles some minerals ot 
the Feldspar and Scapolite families, but its lustre, density, cleavage and 
lithia reaction distinguish it. It has been found at Norwich and SterUng, 
Mass., in viery large crystals. 

FORMULJE OF THE ORTSTALS. 

PI m. 

Fig. 18. ooPoo. ooP. oo!*3. ool*2. P. 2P. 2P2. OP. 
2Poo. 

Petalite. ((ti, fra)'-h^l) 5i'+3 Si. Monoclinic. 

Stn. — Castorite, 'Kastor. 

It crystallizes as an inclined rhombic prism of 85"* 20', but crystals are 
exceedingly rare. The usual form is shown in PI, III. Fig, 19. It has 
an easy cleavage parallel to the base and a less easy one parallel to an 
orthodome. Lustre, pearly on the base, elsewhere vitreous. Translucent 
in thin plates; opaque. Colorless, or white and gray, with a slight green- 
ish or rosy tint These tints can almost always be seen in some point even 
of the gray varieties. Streak, colorless. Fracture, splintery or imperfect- 
ly conchoidal. H.=6-6.5. 0.=2.39-2.5. Composition, Li 33, ^a 1.2, 
iX 17.8, Si 77.7. 

Pyr. dec. B. P. Heated gently, phosphoresces. Melts on the 
edges and becomes more transparent. It colors the flame red from lithia, 
"With borax and S. Ph., the coloration is more intense, almost purple. It 
)A not attacked by acids. 
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It is generally found in lamellar masses which have four cleavages, three 
of which are parallel to the same straight line and the fourth inclined to 
it ; the last is the easiest of the three. From its composition, it has been 
called the Lithia-Feldspar. It is easily distinguished from the other Feld- 
spars by its blowpipe characters. Its reaction for lithia allies it to Spodu- 
mene ; its density is however much higher, its lustre is more vitreous and 
it is much more fusible. It is a very rare mineral, being found mostly at 
the island of IJto, in Sweden, and in Bolton, Mass. The variety called 
Castorite, comes from the island of Elba. 

FORMULiB OF THE CRYSTALS. 

PI ra. 

Mg. 19. 00 P. 00 Poo. oof 2. oofoo. -2 Poo. -4Poo. OP. 
2Pbo. 

Amplilbole. 

Amphibolii is the name given to a number of minerals, which may be 
regarded as made up of at least three varieties very near one another. 
They are quite distinct in their composition and characters, but belong to 
the same species. They are generally composed of bases, which have 
only one atom of oxygen, the relaticfn of the oxygen of the base to that 
of the acid being as 1 : 2. The formula is & Si. Some authors have ad- 
mitted the relation of 4 : 9. The bases represented by B, are fTa, ]&, Oa, 
fig, ]^e and ftn, which may replace each other in any proportion within 
the limits of the formula. It is the more or less greater proportion of one 
or the other, that constitutes the different varieties. Most varieties con- 
tain alumina, but generally in small quantities, and replacing the Si ; such 
varieties, often contain a little Fl, and others show the presence of ^, 
which fflks been referred to under Pyroxene. Ca is not so universally 
present as in the Pyroxenes, and in some cases may be almost entirely 
wanting. 

Amplilbole. & Si. . MoNocLiNia 

Stn.— Hornblende, Tremolite, Grammatite, Galamite, Asbestos, 
Anthophyllite, Actinolite, Strahlstein, Pargasite, Smaragdite, 

Richterite, Uralite. 

It crystallizes as an inclined rhombic prism of 124° 30', with an indina* 
tion or 103* 12'. There is thus one obtuse and one very acute angle. It 
has two cleavages, which are parallel to the faces of the prism and which 
consequently have the same angfes, one obtuse and the other acute. These 
two cleavages are at the same time fibrous and lamellar. In some varie- 
ties they are almost exclusively fibrous ; in other varieties there is a 
cleavage parallel to the ortho-and clinopinacoids. Fracture, subcotichoi- 
dal or uneven. Lustre, vitreous or pearly on the faces of the crystal and 
cleavage faces ; silky in the fibrous varieties. Transparent^ translucent, 
opaque. The colors of Amphibole vary and present every gradation from 
colorless to black, passing through green. The black is the extreme limit 
of both the green and brown varieties, as may be seen by looking through 
a thin plate of the mineral. Some Amphiboles have a violet color, due to the 
presenceof a little manganese. Streak, white. H«=5-6.5. G«=2.9-3.4. 
It is not always easily scratched with the knife. This property, how- 
ever, is difficult of trial, as the mineral is found almost always in fibers 
which separate under pressure. 

Pyr. &e. B. P« Fusible more or less easily, according to the 
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Tarietie^ giving a more or less colored glass which is usually darker than 
the specimen. Witli borax reacts according to the variety. Some yarie- 
ties are acted on by acids. 

TRKUOLITE. 

Lime-MagMna Amphibole, 

Stn. — Calamite, Grammatite, Nordenskioldite. 

The white varieties are called Tremolite ; they contain C/a and iKg. The 
Oa appears to be a necessary constituent, for if the simple silicate of 
magnesia is crystallized with the proportion J&Lg Si, it takes a form which 
resembles Amphibole, but which is not the general form of Tremolite. 
The crystals of Tremolite are generally more or less distorted, and rarely 
ever terminated. The most usual forms are combinations of the prism, 
clinopinacoid, orthopinacoid and clinodome, PI, III. Itgs, 20-24. Some- 
times the prism, ortho-, clino-and basal pinacoids and clinodome occur, 
Fig, 24. The faces of the rhombic prism are generally very bright, and 
striated in the direction of the vertical axis. The basal pinacoids and the 
domes are generally matt. Colors, white and gray. All the faces which 
are parallel to the vertical axis usually have a siiky lustre. II.=5-6.5. 
H. =2.9-3.1. Composition, for (Oa, Mg) Si, Ca 12-15, fiEg 24-26, Si 
57-69. 

Tremolite generally occurs in crystalline masses, in which no termina- 
tions can be distinguished. The - arrangement is frequently in diverging 
crystals. It is usually found imbedded in masses of Calcite or Dolomite. 
When the latter decomposes, isolated crjrstals are frequently found in the 
sand. In some localities the Tremolite is enveloped in a Dolomite which 
has stains, either black or brown, made by bituminous matter. This same 
material has been absorbed by, and surrounds the crystals of Tremolite, 
so that they are often yellow or even black. 

The bacillary varieties are sometimes called Grammatite, when the 
crystals become mere fibers, which are generally divergent ; they show the 
silky lustre and the fibrous structure, which distinguishes them. The 
variety colored with manganese belongs to this species. It is almost 
always found in bacillary fibers, with a silky structure. It is quite a rare 
variety, bein^ only found in mines of manganese, pr near manganese 
minerals. The tint may become slightly greenish owing to the presence 
of a small quantity of Fe, partially transformed into 9e; for the protosalts 
of iron, which are pure, are generally colorless. 

FORMULA OF THE 0BYSTAL8. 

PL IIL 

Fig, 20, 00 P. ooPoo. oofoo. OP; usual form of Tremolite. 

Fig, 21. cx> P. f 00. Fig. 22. The preceding, with 00 !* oo. Fig 23. 

The combination Fig, 21, with oo P oo and OP. Fig. 24. The precedmg, 

with 00 P 00. 

ACTmoLrrE. 

Limt^Magnma-Iron Amphibole, 

Syn. — Strahlstein, Actinote. 

The green varieties are called Actinolite or Actinote. They are rarely 
found in complete crystals ; when they are the basal pinacoid without the 
clinodome is the usual form, PI. III. Fig. 20. The faces of the rhombic 
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prism are sharper and less fibrous, though the fracture parallel to .them is 
fibrous. It is often found in talcoae alales in long ctrstftls, which are rare- 
ly terminated, but which have very brilliant prismatic faces. They are 
easily recognized by their very obtuse angle. Their lustre is much briglit- 
er tlian that of I'remolite and the crystals are much more perfect, 
G.=3-3.2. Conipoaition, for (Ca, Sg, Je) Si, Si 55-50, fig 9-24, Ca 9-21. 
te 3-11. 

They are also found in fibers, sometimes interlaced and sc 
parallel to each other. It is frequently found in capillary ma; 
stead of being divergent as in Tremolite they are usually more or leea 
^rallel, and are sometimes interlaced. There is often an insensible possa^ 
□ Tremolite into Actinolite. 



Thisv 



placed 



Lime-ifagnesia-IroTi-Aliimina Amphibole. 
Sth, — Pargasite, Basaltische Hornbiende. 

riety whict. is called Hornblende is generally found in volcanic 
formations. It is ea^ly distiugnished by its color and also by its cryntidline 
form and terminations, which are quite different from any of the other 
varieties, PI IV. I^a. 1-6. One of these forms, i*!?. 1, appears to be 
an hexagonal prism with a rhombohedral termination and might be mis- 
taken for a crystal of Tourmaline; it ifl however made up of the prism, 
clinopinacoid, hemipyramid and base. A hemitropy occurs parallel to the 
orthopinacoid, JFlg. 6. Tlicre is no cleavage parallel to the clinopinacoid 
in Ilornblende. Parallel to the rhombio prism, the fracture is lamellar. 
G, =3.05-3.47. Composition is variable ; three varieties are recognized 
according to the quantity of iron contained, Oa 10-14, SLe 5-23, Si 5-15, 
te 3-29, Si 40-55. 

It is very often found in lamellar masses, with a very brilliant cleavage 
parallel to the faces of the prism. It is less fibrous than the paler varie- 
ties. These masses are often composed of distinct crystals which are in- 
terlaced. The black varieties are also found in formations, which are not 
volcanic Thus jn Sweden and Norway, large, Bhort erystnU are found in 
the limestone showing faces of the hemipyramid and base. These crys- 
tals might be mistaken for Tourmaline, bH are easily distinguished by the in- 
equality of tlie angles, and the cleavage. In the same place green and 
colorless varieties are also found, with the same forma, but the crystals arc 
rarely ever distinct, their faces being generally rounded. This varii-ty, 
which is more granular than crystallized and whioh is scattered tlirougli 
limestone, has been called Pargasite from the name of the locality, Pargas, 
■where it was first found. 

TORU[n..<B OF THE CRTSTAIf. 
FU IV. 

FSg. 1. ooP. ootco. P. OP; the usual and characteristic form of 
Hornblende. Fig. 2. The preceding, with 2 P co. i^. 3. The pre- 
ceding, with the hemi-clinopyramid 3^3. ^. 4. The preceding, with 
-P. F^. 5. The preceding, with -3 P 3. J^. G. Twin crystal, com- 
position-face ooP oc; remarkable for the different terminations of the ex- 
tr^nities, one being formed by the faces of the two hemipyramids, and 
the other by the bases. 
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8 YM. — Aph an jte. 
Certain compact varieties of Ampliibole are called Comeiiie or AphanTte. 
Their color ie blackish, greenish, sometimes violet, but never white, widi 
an irregular, compact and sometimes granular fracture, which is often 
almost saccharoidal. It resists the hammer like horn, and hence the name 
Comeine, from eorna a horn. This material has buen referred to Amphi- 
bole, because its composition although variable, resembles that of Amplii- 
bole, and becaose Amphibole crystallizes out of certain pans of it. It U 
probably the matrix of the Amphibole, a Eort of magma in which all the , 
elements are united verj nearly as they are in Amphioole, and from which 
the latter has been formed, when the circumstances were favorable ibr iU 

Eroduction, Some of the varieties of a clear color, which are serai-traiM- 
icenl with a scaly fracture, are remarkable for their sonority. 

ASBESTOS. 

Srs — Amiauth, Asbest, Byssolite, Bergleder, Bergkork. / 

Certain varieties called Asbestus or Amianthus, arc the products of the 
deoomposilion of Amphibole aud Pyroiene. They are generally more or 
less decomposed, capillary crystals of these two minerals. It is impossible 
at first sight to decide to which of these species Asbestus belongs ; it can 
only be distinguished by analysis, and this, on account of the partial de- 
composition, is frequently but a very uncertain guide. Like Pyroxene 
and Amphibole, it is fusible. 

It is found in more or less long Gne fibers witliout elasticity, and some- 
times closely joined together. Tiiese fibers have a very lii^h silky lustre. 
Sometimes they are knitted together in every direction, anil give to the 
mass the appearance of pasteboard or leather. It is then called Mountain 
Paper, Mountain Cork, Mountain Leather or Mountain Wood, according 
as it seems to resemble one or the other of these substances. When the 
fibers are very long and fine and do not hold together, they appear like 
silk, and arc called Amianthus. These fibers may be spun into yam 
and mode into a cloth which is incombustible, and undergoes no change 
in an ordinary fire. It sometimes occurs as fine fibers covering other 
crystals, or penetrating them and lining cavities in the rock like a sort of 
cloth. The fibers are then usually ahort and fine, like silk. It is frequent- 
ly found penetrating crystals of Quartz and Pyroxene. In the latter case 
tiie fibers are usually in the direction of the length of the crystals, which 
however, does not necessitate that the composition should be any more 
Pyroxene than Amphibole. Asbestos sometimes undergoes a partial da- 
composition, with fixation of a certain quantity of water as in Ilyper- 
Btheno and Diallage. Some of the so-called Asbestus is tlio variety of 
Serpentine called Chrysotil, 

The two species, Amphibole and Pyroxene, are very much alike, and 
generally difficult to distinguish. If the material is massive and has no 
crystalline structure, there ia no possible way of distinguishing them, for 
such masses have very rarely any deGnite chemical composition. Distinct 
crystals can easily be distinguished, since their forms are not the same. 
If the mass is granular, or only imperfectly crystallized, there is but one 
method of distinction possible, which is the measurement of the cleavage 
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and wiglci. It IS quite easy I 
Anipbihole, since one of them is 
124* JWd l!iu other 50°. " 



1 diatinguitih the angles of ^li^avage of 
leute and the other obtuse, one beins 
In Pyroxene the angles of the cluaTftge parailel 
lo ibe pruin are 87° and 03°. The two angles between tlie pri^m and the 
ortho' and clinopinacoids, whiih are 133° and 47°, are easily confounded 
without meaaurcrnent with the angles of the prism of Amphibolo. The 
different appearance, however, of the faces will frequenlly allow of dis- 
tlnguiniiing them. As they are not of the aarao order, they have different 
lualrei. In the white varieties Pyrosene may be distinguished by its 
cleavage parallel to the base, which does not exist in Amphibole. When 
the two varieties are found as Asbestns, it will be impossible to distin^ish 

Jbem, unless the analyslp -i—— - ■^■k^'-- — :- —■'■'■• — A_„k.Kni= 

IS found extenfiively in t 



a difference in coinpo^tion. Amphibole 



Ssry! Qrotip, 

Berjh (}Bc'+i5l) Si". Hmaoonal. 

Sth. — Emerald, Aquamarine, Smaragd. 

It eryatallizes as an hexagonal prism, with a cleavage parallel to the bas& 
Traces have been also said to have been found parallel to the faces of the 
prisnn. It ia however almost impossible to-determine them. It is always 
found in crystals or crystalline masses. Its usual form is the hexagonal 
prism and base, which combination may occur alone. Combinations of 
the prism and base with pyramids of the first end second orders, are found 
alone, as in H. IV. I^i. 8 and 9, and together. Fig. 10, or with several 
pyramids of the same order, Mgi. 11 and 12. The di-hexagonal 
pyramid and tlie prism of the second order are sometimes found, I7ffi. 12 
and T. The bright, emerald-green varieties are called Emerald ; those 
which are not highly colored are known as Beryl or Aquamarine. These 
crystals may be (jnite large. They are usually more or less distorted and 
are often cylindrical. In the cross eection, however, the hexagonal form 
can be distinctly seen, outside of which there appears to be a kind ot 
coating made up of diverging fibers, which are generally more opaque 
than the crystal. There is often a great difference in the color. Crystals 
sometimes occur in sections joined together with Quartz, Fig. 13. In 
Biberia it has been found as fibera fastened together, forming lat^e heicag- 
onsl cryitals. These varieties often have a variation in the color, aome- 
times parallel to the flbera, and sometimes in beds perpendicular to them. 
Frequently one of the extremities of the crystal is green, while the other 
is yellow. Fracture, conchoidal, uneven. Lustre, vitreous or resinous ; 
the opaque varieties, however, have no lustre. Transparent, translucent, 
opsqua, The colors of Bpryl are very variable ; they are green, blue, 

Seliow or (SoIopIbm. A red variety is sometimes found, which is pro- 
alily owing kj a mechanical mixture of iron. Streak, white. Brittle, 
H,=r.6-H, «,=2.03-2.70, Composition, fie 14.1, SI 19.1. Si 6(1.8. 
%a rclatiim of the Q to di is as 1 :2, It sometimes contains Fo; 
«f is fminil alsi), but very rarely. The color of the Emerald may some- 
, tlmdi I'll f'y/UijS In ithromium. 

IPfTi At'. B> p. At a high tcmperalure, the edges become rounded. 
Pllllis bI' A.i>. Thi> iiolored varieties become white when heated, and lose 
luma lliuiisaiidilis tif their weight, which would seem to indicate, that their 
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color is due to organic matter. With borax, a slightly green bead is 
obtained. Not acted on by acids. 

The earthy varieties are usually found in large columnar crystals, which 
may be hexagonal or cylindrical. The color of these masses is rarely 
uni£>rm. Some parts are whitish or yellowL^, while others are greenisn 
and translucent These varieties are usually striated parallel to the prism 
and frequently show indications of cleavage parallel to the base. It is 
sometimes found passing into porcelain clay. The cause of this decompo-^ 
sition is not known. On account of its hexagonal form, Beryl might be 
confounded with Apatite or Tourmaline. It is, however, much harder. 
It might resemble Topaz and Euclase, but is distinguished by its imperfect 
deavage. In earthy or stony varieties, it cannot be confounded with 
anything, on account of its hexagonal form and cleavage. It might 
possibly at times be confounded with some of the earthy varieties of 
Topaz, but it is distinguished by its density ; the density of Topaz is 3.5, 
while that of Beryl is 2.6. The roUed crystals of the colorless or slightly 
colored varieties might easily be mistaken for Quartz, but can be distin- 
tinguished by the cleavage and fracture. On the island of Elba, crystals 
of Beryl are found, which are perfectly colorless, and which are sometimes 
cut to imitate Diamond. Such stones have much less fire than the 
Diamond and their lustre is not adamantine ; it is simply vitreous. The 
green and limpid varieties are much sought aflcr by jewelers. They do 
not have much, if any, fire, but their color gives them value. Most of the 
Emeralds come from Muso in New Granada. Very large Beryls have been 
found in the IT. S. One firom Grafton, N. H., weighed 2,900 lbs. and 
another weighed 1,076 lbs. 

rORMULJB or THE ORTSTALSt 

PI IV. 

Fig, 7. 00 P. 00 P 2. OP; very frequent, the oscillatoir combina* 
tions often causing vertical striations. lig, 8. oo P. P. P. Fig. 9. 
00 P. 2 P 2. OP. jR^. 10. The combination Fig. 8, with 2 P 2. F^. 11. 
The preceding, with 2 P. Fig. 12. The preceding, with 3P|. 
Fig, 13. Crystal, consisting of displaced sections joined together by 
Quartz. 

n. IJnisilicates. 

Chrysolite Group. 

Chrysolite. (Mg, fey Si Orthobhombio. 

Syn. — Olivine, Peridot, Glinkite. 

It crystallizes as a right rhombic prism of 9-1* 2', and has a cleavage 
parallel to the brachypinacoid. The usual forms are combinations of me 
rhombic and rectangular prisms, the macro- and brachydomes and octahe- 
dron, with or without the base, Fl. IV. Figs. 14-18. Fracture, con- 
choidaL Lustre, vitreous and generally fieeble, but much more pronounced* 
on the fracture. Transparent, translucent, opaque. The colors are very 
different, but are generally various shades of green. There are some 
varieties, which are yellowish-green, almost colorless ; they usually contain 
Hg. Others are green, with a slight tint of yellow ; others again aro 
almost Uack. Some crystals have undergone alteration, which may be 
greater or leas. They are then red or iridescent Streak, colorless or 
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U.=^IJ-7. G.=3.33-3.5. Com position, flg 50.28, te 9.86. 

, The relation of the oxygen of ' ' ■ ■■ 

Till) rormuin li Ihereforu fi' Si. 

I*yr> itti, B> P. The clear varieties whiten, but are iofuaible. 
The dark vuriellt« rich in iron fuse with diScult7 to a magoetic globule. 
OalatiiilKW ill HCl and S. 

U li rarely found, like Pyroxene nnd Amphibole, containing SL The 
hue* which it contains are Mg, f'e, An and rarely Oa and ifi. It is here 
to ba romarked that 2n, -which is usually isomorphous with fig, is di»- 
tinetly unparnted from it in its ailicate. There is a silicate having the 
formula Zn* Si, called Willemite, but it crystallizes In the hexagonal 
lyalem. I13 density Tariea; in the dark varieties, especially in those 
which crvBtallize in the iron seorias (Fayalile), the density may be aa 
high as 4.2. Its liardnefiB is also very variable, the clear varieties being 
the hardest. It is found usually as little cryataU in the rocks of volcanic 
or igneous origin and in, those thrown out of modem volcanoes. Quite 
Uroe crystals are found in Ceylon. They are, however, generally rolled 
and it is quite difficult to detect their fonn. It is also found well crys- 
tdlisted in the cavities of Meteorites and in the scoriae of iron forges. It 
ja also found in granular masses, which contain cavities filled with 
orystsls. These masses are sometimes whitish, but generally they are 
paJe yellowish-green. The color may vary from one grain to another and 
the same grain may be in different parts, green, yellow and black. The 
lustre is quite bright. Such masses ai* generally made up of a collection 
of not very distinct crystals, which are sometimes large. They are usually 
found in pockets in volcanic rocks, such as Basalts and Trachytes. These 
grains might be confounded with the grains of Pyroxeue, but Ihey are 
usually of a clearer color, which is generally yellowish or yellowish- 
green. They may also he distinguished by their infusibility, and by 
gelatinising with acids, It is especially in Ihese granular masses, that the 
red color is found. This in produced by a commencement of decorapo- 
■itioil, which is accompanied by a partial solution of the &g and Si, the 
ftiatlon of 3 and the peroxidation of the ^e. This kind of Chrysolite 
'jbrms a paouliar rock. Associated with Augite, it forms Hyaloaiderite ; 
in tlii* rook the Augite is in distinct crystals, recognisable by their form 
wai ooliir, wbiuh are implanted in the red granular Chrysolite. Crystals of 
Chrysollto which have undergone such a decomposition as to be irides- 
cent are Ibquently (bund in the midst of these crystals. It has been found 
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JUuiOoiaUitl with other minerals in Pennsylvania, Virginia and N. Carolmo. 
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IH.1V. 

%. H, JX P 00. 00 P. CO f CO. P. P CO. P. Itff. 15. The 

•{irecediug, with 3 Poo. J'ig. 16. The combination Fi^. U, with 2 Poo 

and Poo. Fiji. n. 00 P. OOP 2. 00 P 00. 2 P 00. P. Poo. Mg. 

la. w P. t* P 00. 00 f CO. P. P CO. 2 P 2. 2 P 03. P 00. C 

I^enaeite Ortmp, 

Wlllemlte. &a' Si. HEuaoHiL. 

St».— Troostite. 

)| urivUlliiM ai a rhombohedroa of 116' 1', with an easy den 

■ffltShlX tu tliu liwiu, and aDotLer In the American Tarietiea parallel to 
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prism. Tbo crystals are usually small, yery brilliant and distinct They 
rarely show tho hexagonal pyramid, although two rhombohedra sometimes 
occur, Pi IV. Itg, 19. They are usually terminated by the rhombo- 
hedron. They are usually found in cavities in the compact varieties of 
Calamine and Smithsonite, sometimes in Hematite and Limonite ; rarely 
they are associated with ores of lead. When found with iron they are 
usually colored red, yellow or brown. Fracture, conchoidaL Lustre, 
vitreous, resinous or dull Transparent^ translucent, opaque. Color, 
white, greenish-yellow, green, black, red or dark-brown when impuresi 
Streak, colorless. BritUe. II«=5.5. 0« =3.89-4.18. Composition, 
pi 72.9, Si 27.1. 

Pjrr. d^c, B. P. Fuses with great difficulty to a white enamel. 
With soda in the R. F., it is reduced with difficulty and gives zinc, which 
is volatilized, burned, and deposits itself as a ring, yellow while hot^ and 
white when cold. Gelatinizes with acids. 

In N. J. a variety called Troostite has been found in large crystals, 
which have the same form as that described. They are rarely translu- 
cent, and sometimes have th^ appearance of having been melted. They 
bccur associated with Franklinite. The outside of these crystals is brown- 
ish or reddish. In limestone they are usually of a flesh color. It is 
easily distinguished from the minerals which it resembles by its hardness, 
fusibility and action with acids. It is found in the U. S. at Franklin and 
StirUng, N. J. 

FOBMULS OF THE CRTSTAL8L 
PI IV. 

^.19. 00 P 2. R. -iR; often without -JR. 

Ptaenaclte. Be* Si Hexagonal. 
Syn.— Phenakit, 

It crystallizes in the hexagonal system, having generally a rhombohe- 
dral termination, PL IV. Mg. 20. Its crystalline forms are very similar 
to those of Beryl It has however no cleavage and its lustre is vitreous. 
The crystals are usually transparent, but sometimes translucent or opaque. 
Color, white, yellowish and brownish. Streak, colorless. H.= 7.5-8. 
0.=2.96-3. Composition, Be 46.8, Si 54.2. 

Pyr. &c« B« P. Infusible. Gives a blue color with cobalt solu- 
tion. Not attacked by acide. 

It is difficult t6 distinguish it from Beryl, with which it was for a very 
long time confounded. The base rarely occurs in Pbenacite, while it is 
very usual in Beryl. It might be mistaken for Quartz, but its terminations 
are much lower. It is found under the same circumstances as Quartz and 
Beryl 

FORMULJB OF THE CRTSTALS. 
PI IV. 

Fig, 20. 00 P 2. R. f R 2 ; the prism is often entirely wanting. 

Garnet Group. 

CSarnee. (&")' Si*+fi* Si'. IsoMxrBia 

Syn. — Granat, Grenat. 

Garnet is generally found crystallized. The usual forms are the rhombic 
dodecahedron and the tetragoniil trisoctahedron, PL FV. Figs, 21 an4 
22. It is quite frequent to find the combination of these two forms^ Fig, 24| 
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but it is UBuallj the rhombic dodecahedron which predominates. It 
has a cleavage, that is sometimes distinct, parallel to the rhombic dodeca- 
hedron. Crystals are very often distorted as shown in PI. Y, Figs, 2-5. 
Fracture, conchoidal or.uneven. Transparent, translucent, opaque. Oolor, 
red, brown, yellow, white, green or black. Streak, white. H. =6.5-7.5. 
G*s3.15-4.31. Ooibposition varies with the varietied. Its composition 
ia exactly the same as that of Yesuvianite, a silicate which crystallizes in 
a different system. These two substances thus present a remarkable ex- 
ample of dimorphism. It it probable, that the latter is owin^ to the pre- 
tence of water, which perhaps plays the part of & in Yesuvianite, while 
Garnet never contains any. 

P|rr, 4cc« II. P. Most varieties fuse to a light brown or black 
fflass and ofl^n become magnetic in the R. F., owing to the presence of 
iron. The dark red varieties are easily fusible to a magnetic scoria, as 
they contain more iron. The clear varieties are more or less easily 
attacked by acids. A green variety contains & ; it is infusible, insoluble 
and very rare. 

ItB hardness is yery yariable. The pale varieties scratch Quartz with 
difficulty, while the slightly-colored varieties have almost an equal hard^ 
ness, and the black varieties are scratched hy it Those havine a 
color between clear and dark red are more easily attacked, when mey 
have been melted. 

FTBOPE. 

Magnma^Alumina Oamet, 

Stk. — ^Bohemian Garnet, Bohmischer Granf 1 

Pyrope, or Bohemian Garnet, is the one from which earbuncles are cut 
Its color is red. Transparent or entirely opaque. Sometimes they have 
a yiolet tinge, owing to the presence of a little manganese. 0«:±3. 7-3.76. 
Composition, for (i(fig, Ca, *e, fi[n)»+i »1)« Si», ig 13.43, SI 22.47. 
Ca 6.53, J*e 9.29, ftn 6.27, Si 42.45. 

OROaSULi^ITB. 

Lme-Alttmna Garnet 

8tm. — Essonite, Cinnamon Stone, Grossular, Eaneelstein, Grossulaire. 

Color, white, pale green, yellow, brown, but rarely green. 0.=3.4-3.7. 
OompoBition, for (i Oa* i £!)• Si*, Ca 37.2, £1 22.7, Si 40.1, te is somo- 
Umes present, replacing the Ca. This variety is usually transparent 

ALMANDITS. 

I 

Iron-Alumina Garnet, 

Stn. — ^Almandlne, Edler Granat 

ThU variaty is the oriental Garnet When the color is a fine deep red, 
ii itt utiuil as ail ornament It may also be brownish-red and translucent 
CMminibitluu, lor (i l*6*+i ^\y Si', te 43.3, XL 20.5, Si 36.1. It is often 
Mi^l^H^t^ hm4 is one of the varieties most frequently found. 
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flPESSAJlTITE. 

Manganese-Alumina Garnet, 

Syk. — Spessartine. 

Color, dark hyacinth-red, violet, or brownish-red. G« =3.7-4.4. 
Composition, for (i (An, i*e)'+i %1)* Si', ftn 30.96, f e 14.93, £1 18.06, 
Si 35.83. 

AKDRADITE. 

Lime-Iron Garnet, 

SrN.—Allochroite, Melanite, Aplome, Colophonite, Topazolite, Kalkgranat, 

Grenat r^sinite, Rothhoffite, Polyadelpbite. , 

Color, topaz or greenish-yellow, apple-green, brownish-red, yellow, 
grayish, dark green, brown, black. This includes the varieties, Topazolite 
from its resemblance to Topaz in color, Colophonite, which is granular, 
iridescent and resinous, Melanite or black Garnet. Melanite is sometime^ 
of volcanic origin. Some varieties contain Ti. 0.=3.64-4. Some of 
these varieties have part of the ]^e replaced by Jjkln. Such are the varieties 
called Rothoffite, Polyadelpbite and Aplome. 

OUVAROVITE. 

lAme- Chromium Garnet 
St». — Uwarowit. 

Color, emerald-green. ni.=7.5. €r. =3.41-3.52, Infusible. In some 
varieties part of the €r is replaced by XL Composition, (i Ca*+i 6r)' Si*. 
It is a very rare variety, found only in the Urals in fine crystals. The 
crystals from Canada are very small 

Garnet has sometimes a peculiar relation to its gangues. It is often 
found in schists or in schistose and micaceous formations. In these cases 
it appears soldered to the mass, the latter being bent around the crystals, 
which are usually isolated. The rocks present the appearance then of 
being covered with tubercles, which are sometimes very large. On 
breaking them, the mass is usually found to be composed only of a thin 
crust of Garnet, which has the form of a rhombic dodecahedron. The 
interior is composed of the same substance that envelops it^ . either 
schist or Mica. We shall have occasion to refer to this property again, 
under Andalusite and Leucite. It is also found in lar^e granular masses, 
formed of uncrystallized* grains of a variable color, which are often irides- 
cent The natural faces of these grains have a lustre, which is in no way 
remarkable, but their fracture has a resinous lustre, which is quite easy to 
distinguish. Their usual color is red, inclining to brown. It is also found 
in large masses having a resinous lustre, which appear to be almost com- 
pact It also occurs in irregular grains, associated with Calcite. These 
grains may pass insensibly into crystals, which become scattered through 
ttie limestone. They usually have a resinous lustre, and are frequently 
iridescent They are called Colophonite, and ' are found particularly at 
Willsborough, N. Y. These granular masses can be easily broken up 
with the fingers. They might be confounded with Vesuvianite, as their 
colors are about the same ; Uieir lustre will however distinguish them. It 
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a found in amorphous mnssea, which are generally frogmenta 
of large crystals. These masses are usually very much fissured, with 
traces of a cleavage parallel to ihe rhombic dodecahedron ; their lustre 
will serve to distinguish them. The transparent varieties are much used 
for ornnraental purposes. The coarse Tarietios are sometimes pulverized 
and used as a substitute for emery. In some cases, when it has been found 
abundantly, it haa been used as a flux. It is a very common mineral, and 
ia abundantly found in the TI. S. 



PI. IV. 

flff. 21, 00 ; characteristic and most frequent form. Fig. 22. 

2 02. Ilff.*23. 30f Fig. 24. 2 2. oo 0. lig. 25. oo 0. 

3 0}. Fl.r. jng.l. (kO. 2 2. 3 J. JJ?. 2. ooO; lengthened 
diagonally. JTj. 3, oo ; lengthened vertically. Fiff. 4, co 0, 2 02j 
distorted and only having four planes of the dodecahedron. Fig. 5. 
00 ; flattened diagonally. 

Vetuvianite Group. 

Zircon. Zr Si. Trtraqonai.. 

Syn.— Hyacinth, Jacinth, Jargon. 

Zircon is always crystallized. Its usual form is composed of the two 

Sisms and octahedron, combined somcliniea with the dioctahedron, 
i V. Figs. 6-lC. AU of these forms with several different octahedra on 
the same crystal are somelimes found, F^g. 12. It has two quite difficult 
cleavages, one parallel to the faceit of the prism, and the other parallel to 
the faces of the octahedron. When the crystals are partially decomposed 
these cleavages become easier. Its fracture is conchoidal and brilliant 
Its lustre is adamantine, inclined lo be resinous. It may even be entirely 
dull. Transparent, translucent, -opaque. Color, colorless, pale yellow, 
brownish-jdiow, yellowish-green, reddish -brown, gray or blue. In tlie 
crystalline rocks there is frequently found a brown variety^ which ehows 
the prism with the principal octahedron and others, in which tbe prism is 
no longer present, but three oelahedra, one above the other, at different 
angles, Fjg. 12. The varieties found in the volcanic rocka may be white, 
brown, or red. These are called by the jewelers Hyacintbs (to be dis- 
tinguished from the Oarnet also called Hyacinth), Jacinths and Jargons. 
These generally have the prism of the second order with the principal 
octahedron of the first order, Fig. 7. The prisrti is sometimes reduced so 
as lo become rhombic to shape ; the crystal then resembles a rliombio 
dodecahedron, but it can be distinguifihed from it both by the angles and 
thestrialiooGparalleltothebase. ElCreak, colorless. ll.=7.5. O.=i.0^ 
4.75. Composition, Zr 67, Si 33. It sometimes conUing 1-2^ of Pe, 
which perhaps replaces the 2r, It scratches Quartz, but the partially de- 
composed varieties have the same hardness as Quartz. 

S*yp. &c. B, P. It is infusible. The red varieties lose their color 
without losing their transparency, and ihc daik colored varieties become 
white. It is possible, therefore, that the color ia due lo organic 
It is not acted upon by acid^ but is decomposed by fusion '' 
carbonates. 
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It is frequently found as crystals disseminated in some of the older 
rocks. It is also found as little crystals disseminated in the rocks and 
sands of modem volcanoes, particularly of Mt Somma, where it is fre- 

?uentlv accompanied by Nephelite and the vitreous, variety of Feldspar, 
t is also found in the beds of streams in volcanic countries as rolled 
crystals, having^ been detached from the rock by the action of water. 
The red varieties might bo mistaken for the ruby Spinel or Garnet. Its 
form and hardness will distinguish it from either. It is found abundantly 
in New York, New Jersey, Pennsylvania, and N. Carolina. 

FOBMULJB OF THE CRYSTALS. 

PI V. 

Fig. 6. 00 P. P ; most frequent form, P sometimes predominating. 
Fig, 7. 00 P 00. P ; usual form of the Hyacinth. Fig, 8. oo P. 
00 Poo. P. jFV^. 9. 00 Poo. 00 P. P. Fig. 10. The combination. 
Fig, 6, with 3P3. Fig. 11. The combination Fig. 8, with 3P and 
8P3. Fig, 12. P. 2P. 3P. ooP. 3P3. ooPoo; from Miask. 
Fig. 13. 00 P 00. P. 2 P. 3 P. oo P. Fig. 14. The combination, 
Fig.1, with 3 P 3. jF^. 15. Poo. 3P3. P. jFVgr. 16. ooP. 
ooPoo. P. Poo. 3P3. •4P4. 5 P 5 ; from the Saualpe. 

TesuTianlte. (|(Ca, fig, t^y^^ (Si, Pe))* 8i». Tetragonal. 
Stn. — IdocrasCi Vesuvian, Egeran, Wiluite, Cyprine. 

It crystallizes as a square prism, with traces of cleavage parallel to the 
prisms of the two orders and the base. The simple forms of Vesuvianite are 
the prism of the first order, with traces of the second, the octahedron of 
the first order and the base, PI. V. Mg8. 17, 18. Complete octahedra 
are very rare. They often show the octagonal prism, Fig. 19. The dioc- 
tahedron is frequently found, PI. VI. Figs. 1, 2 ; and also as many as 
five dioctahedra of different orders. The number of prismatic faces 
becomes so great at times, as to make the crystal appear almost round. 
They almost always show the octahedron of the first order. Very often 
the crystal is made up of a number of single crystals juxtaposed, so that 
they are striated in the direction of the prism. The faces of the octahe- 
dron are without lustre, but those of the base are brilliant. The crystals 
frequently become very complex ; as many as 130 faces have been counted 
on a single crystal, PI, VI. Fig. 3. Its fracture is smooth and conchoidal, 
but sometimes uneven, and the edges of the scales are sharp. The lustre 
of the fracture is bright. On the natural faces it is unequal and varies 
with the faces. The lustre of the base is the brightest, and is even like a 
mirror. Generally it is vitreous or resinous. Translucent, opaque. 
Colors, green, reddish-brown and yellow, which latter color is always of a 
peculiar tint; sometimes it is pale blue. The varieties which are colored 
brown with Fe, do not show dichroism ; the other varieties usually do. 
Perpendicular to the base, they are brownish-green ; parallel to the base, 
bottJe-green. Streak, white. II.=6.5. 0.=3.49-3.45. Composition, 
Ca 27-38j flg 0-10, Fe 0-16, £1 10-26, Si 36-39. In all the varieties o\ 
Vesuvianite, whether altered or not, the analysis shows a small quantity 
of water varying from 1-2 ^. Magnus has shown that this water is per- 
fectly pure. It is evidently in the mineral in a state of combination, for 
it does not separate, except at a very high temperature, about that* of the 
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(Usion of silver, but it is not known in what condition it is. It la poaaibla 
that it plays the part of a base and replaces some one of thu A. 

Pyr. Ac. ' B. P. Fuses at 3. with intumescence, to a more or lesi 
cotorad globule. It is only partially attacked by ncids, except when it 
has been fused. This is true uf a large number of silicates, and to aceiiaki 
extent of Si itself. 

Borae varieties of Vesuvianite are bacillary and very mneli resenible 
Epidote, but tliey can always be diatinguished because the bases of the 
baguettes in lilpidote are curved, while in Teguvianite they are plane and 
brillianl. It in also found in granular masses, made up of groins of unequal 
size interlaced. They might be confounded with tlie grnnular varietieit of 
Chrysolite and Pyroxene. The blowpipe distinguishes it from Chrysolite, 
which is infoaible, while Vei"Ovianite is fusible. For Pyroxene and 
Epidote the distinguishing marks are va^e, and drawn from the distinc- 
tion of colors. Pyroiene is dark bottle-green and Yesuvianite inolines 
more to yellow ; Epidote is more of a pistachio-green color. Its colors 
ma^ be brown, or reddish also, and it then becomes difficult to diatiuguish 
it from Garnet. A test must then be made to determine ttie presence or 
absence of water, which is found in Vesuvianite, hut not in Garnet 
Tesuvianite in mas» is always difficult to determine in a Dingle specimen. 
,When the rock is found in place, however, its determination becomes 
easy, because there is always some part whicfi is sulBcientIv well crystal- 
lized to distinguish the form. Wlien it is in small indistinct crystals it 
resembles Oarnet, but it can always be distinguished because it has square 
or rectangular faces which very rarely occur in the latter, the faces of 
which are almost always triangular or rhombic. A blue variety of Vesuv- 
ianite containing copper is called Cyprine ; it is found ae&cciated with a 
Tose-colored Epidote. It is bacillary and lamellar, and is one of the 
mineralogical curiosities. In this country Vesuvianite has been found 
in Maine, Massachusetts, New York, New Jersey, and elsewhere. 



3P3. 
Poo. 
O0P3. 
^g. 4. 
Tyrol. 
CO P. 



PL V. 

Hg. 17. 00 P. 00 P 00, P. OP; form of Wiluite. Fig. 18. 
preceding, with Poo. Fig. 13. ooPco. oo P. ooP2. P. 
Pl.Vt Fig. I. coPco. o=P. oaP3. P. Pos. OP, 3 P. 
Mg. 2, oaP. a>Pco. <»P2. ooP3. OP. P. BP. 
2Pos. |P3. 3P3. 4P2. Fig.^ ooP. ooPoo. aiP2. 
OP. P. 2P. 3P. Poo. |P3. 2P2. 4P2. 3P3. 6P5. 
00 P. CO Pod. OP. P. 3 P. Foo, 3P3; from the 
Ji^. 5. odP, ooPob. coP2. OP. iP. IP, Fig. 6. 
ooPoo. 3 P. P; from the Urals. 

Epidote Qroup. 
Epidote. a Ofl*+S (Pe, SI))' Si'. MosooLisia 
8tn. — Pistacite, Zoisite, Piedmontite, Thulite, Buoklandite pt. 
It crystallizes as an inclined rliombic prism, with an easy cleavage paral- 
lel lo the base, and also one parallel to the orthopiuacoid, wiiieh give* 
it a fracture that is lamellar in one direction and sometimes fibrous. 
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Owing to the eKtension of the ortho- and eUnopinacoida, the crystals are 
usually rectangular. The uaunl forma are shown in I'l. VI. Figs. 7-11. 
They are often roundeti, owing to the presence of a number of Lenii- 
orlhodoroes, Fig. 9. Twins fonned by a hemilropy parallel to the ortho- 
pinacoid often occur, and are easily recognised by the rejintrant angle on 
the base. Sometimes, however, the base predominates, and then 
there is only a line in the place of the reentrant angle ; tlie striations will 
serve to place tlie crystal Fracture, uneven. Lustre, vitreous, hut variable 
on tlio different faces, sometimes pearly or resinous. Transparent, translu- 
cent, opaque. Color, pistachio- green, yellowish or brownish-green, black 
or greenish-black, gray, greenish- white ; sometimes violet and sometimes 
clear red. Generatly Epidote is of a more or less dark-green color, usually 
of a peculiar pistachio-green slightly yellowish. Some yellowish varietioa 
are dichroic. They are reddish-yellow in one direction and greenish- 
yellow in the other. There are white v^ietiea, but there is some donbt 
whether thej are really Bpidote. There are also violet varieties colored 
by manganesa H.=e-7. G.=3.25-3.5. Composition, Ca 1C~30, £1 
14-28, Pe 7-17, Si 36-57. The formula which has been given refers to 
the varieties which are distinctly crystallized. Wlien it has begun to de- 
compose it' often contains a certain proporlidti of water. 

I^r. dec. B. P. fuses at 3-3.5, with intumescence, to a radia- 
ted scoria, which, is often magnetic. It is difHoult of fusion, however, es- 
pecially in the clear varieties. With borax, it melts more easily, gising 
generciily a dark green bead and the reactions for iron. Manganese varie- 
ties react for Mn. Partially soluble in acids. When ignited gelatinizes 
with acids. 

It might at first sight be confounded witli Pyroxene, ns it has a similar 
form ; but the type is dlQerent as it is generally lengthened in the direc- 
tion of tlie orthodiagonal, while the crystals of Pyroxene are lengthened 
parallel to the faces of the prism. It is sometimes difficult to place the 
prism, but there is always such a want of symmetry in the crystals of 
Epidote as readily to distinguish it from Pyroxene. Instead of uie faces 
of the orthodome, it may have a series of hem tpy ram ids, which do not 
exist in Pyroxene and which make the want of sjmmeiry perfectly evi- 
dent. It is frequently found in bacillary masses, which may also be dis- 
tinguished from Pyroxene by their form. The iaguettea of Epidote seem 
to be made up of a large number of faces, so that they generally appear 
curved. The striations parallel to the interseotion of the faces Oliha 
crystal may be easily seen and are all the more remarkable, as the crystals 
are often hemitrope parallel to the orthopinacoid. Frequeutly the bacil- 
lary masses are not terminated. It is then more difficult to determine 
them and lo distinguish them from Pyroxene, but this last mineral baa a 
number of cleavages, while Epidote has but two. However, with a little 
practice, the distinction can be easily made with the shades of color, the 
green of Pyroxene being generally bottle-green, while that of Epidote is 
more yellow. Epidote is also found in granular musses, having a granular 
fracture with very fine grains,' when it can be easily diHlinguishea by its 

The violet variety of Epidote called Piedniontite is only found in 
mines of manganese associated with other minerals of this metal, and 
more especially with Braunite. Its ordinary ganguo is Quartz. It is 
almost always in bacillary masses, showing some distinct crystals which 
are rarely terminated. lis peculiar color is generally EuCScicnt to distin- 
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goiflh it^ which is a very dark Yiolet, inclining towards brown. When the 
manganese is in smaller proportion it is paler, but it is always violet A 
special species is often made of the white yariety of Epidote, which is 
called Zoisite. It is probably not the same substance as Epidote. As 
complete crystals of this substance are especially rare, it has been very 
little studied. It is generally found in large bacillary masses in quartzose 
^mguea It somewhat resembles Amphibole, Pyroxene and white 
pyanite. It is distinguished, however, because it has but one cleavage, 
which is in the direction of the length and because it is lamellar, wlMle 
Amphibole has twp easy cleavages and Pyroxene four in the diraotion ot 
its length and one across. Cyanite has one very easy efe«va^e in length, 
and one difficult across, but quite distinct. Its anodation with Quartz is 
also characteristic. 

A lose Tvietj caSed ThuUte, is found associated with Oyprine : it is 
very rare. It is not known to what the rose color is owing. It is always 
crystallized or crystalline. Its color might cause it to be confounded with 
some of the cobalt minerals, but its hardness will distinguish it • 

Large crystals of Epidote, which are generally hemitropes parallel to 
the vertical axis, have bee^ found at Warren and Franconia, N. H. 
Crystals are found at Haddam, Conn ; it is found in acicular masses, or 
massive, in New York, New Jersey, Pennsylvania and Xake Superior. 

FORMULiB OF THE CRYSTALS. 
PlYl. 

Fig 1. OP. ooPcx). Pc». P; from the Urals. Fig, 8. ooPoo. 
Poo. -Poo. ooP. Poo. Fig. 9. OP. ooPoo. -Poo. 2Poo. 
P 00. 00 P. P. P 00. Fig, 10. oo P. P. P oo ; this combination is 
remarkable for not being lengthened in the direction of the ortbodiagonal. 
It was formerly called Bucklandite. Fig, II. Twin crystal; composi- 
tion-face 00 Poo. 

loliie Chroup, 

lollle, 2 (ftg, te) Si + £1' &l\ ORTHOBHOMBia 

Stk. — Cordierite, Dichroite, Steinheilite, Hard Fahlunite, Luchssapphir, 

Wassersapphir, Saphir d*eau. 

It crystallizes in the right rhombic prism of 119° 10*. It is therefore 
one of the limit forms, the modifications of which resemble those of the 
hexagonal system. It is generally found in prisms, which show the 
brachypinacoid and are consequently hexagonal in form, PL VI. 
Fig, 12. Sometimes the prism, a brachyprism and both pinacoids ^ve it 
the appearance of two hexagonal prisms. Figs, 13, 14. Sometimes the 
pseudo-hexagonal prism and pyramid are found together. As many as 
three pseudo-hexagonal pyramids of different angles have been found on 
the same crystal, Fig, l4. If the octahedron and brachydome have the 
same apparent inclination, as is often the case in these limit forms, it is at 
first sight difficult to distinguish the crystal from an hexagonal pyramid. 
It has one cleavage parallel to the brachypinacoid, and another which 
appears to be parallel to the base. But this last cleavage may be owing 
to sheets of Mica, which are often interposed parallel to the base. The 
fracture is unequal, sometimes lamellar in appearance, owing probably to 
the pseudo-cleavage parallel to the base. The lustre is not very bright on 
the natural faces, but on the fracture it is vitreous, inclining to resinous. 
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Color, various shades of blae» The large crystals appear black, or 
almost black, on their natural faces. The fracture is blue, with greenish 
reflections, but the color is not usually uniform through the entire mass. 
In cut stones the color appears to be dark bhie perpendicular to the base ; 
in a direction perpendicular to this, it is a fallow-brown. In the other 
direction perpendicular to both, it appears to be browQ, passing to green. 
From its having two colors it is often called Dichroite, bat as it shows 
trichroism it snould have been called Trichroite. Streak, colorless. 
H.= 7-7.5. G. =2.56-2.67. Composition, flg 8.8, *e 7.9, 51 33.9, 
Si 49.4. 

P^« Sec. "Bm p. Loses its transparency, and fuses at 5-5.6. 
Partially decomposed by acids. 

It is. found in crystdline masses, which may sometimes be quite large. 
These are generally formed by the union of a large number of crystals. 
On account of its crystalline form, which appears to be an hexagonal prism 
terminated by an hexagonal pyramid, it might be sometimes confounded 
with Quartz, as it has about the same hardness, but a little attention paid 
to its change of colors will easily distinguish it, and also the fact that it is 
fusible on the edges. lolite may become altered without changing its 
form. These crystals are often covered over with an exterior crust, which 
is more or less white and less hard than the mineral. Tne interior, how- 
ever, is sometimes not decomposed. One of these products of decomposi- 
tion is Finite. It is the result of its almost complete alteration. It has a 
stony look on the outside, but the interior usually contains a little core or 
undecomposed mineral. It is generally believed, though it is not positively 
certain, that all Pinites are the result of the decomposition of lolite, the 
reason being that the forms are the same, as well as its associations. It is 
often found in cylindrical crystals in Granite, and it is not certainly known 
whether these are the result of the alterations of lolite, or of some other 
silicate. Another variety in large hexagonal-shaped prisms is called 
Gigantolite. This variety shows in the highest degree, the pseado- 
cleavage due to the presence of Mica. lolite is occasionally used as an 
ornamental stone by jewelers. It has been found in large crystals in Had- 
dam. Conn. 

rOBMTJhM OF THE-CBTSTAI& 

Fl VL 

Hg. 12. 00 P. oof 00. OP. iP. f oo. lig. 13, ooP. oof oo. 

ooPoo. oof 3. foo. OP. Mg.li. ooP. oof do. ooPoo. oof 3. 
P. iP. iP. 2foo. foo. ffoo. OP. 

« 

Altca Group, 

Under the name of Mica' a number of minerals are included, which 
have very analogous characteristics, but which have variable compositions. 
They contain Si, lEt, fi, Qr and a Uttle Fl and £[, which varies from.5— 3 %^ 
but which does not appear to be essential to the composition. Some 
varieties contain Ti and l2r. AIL of these substances are however in very 
variable proportions. It is impossible to represent them, except approxi- 
mately by formulsB, although it is necessary to make this approximation, 
in order to distinguish the varieties. Among the 1ft, Li, Cs and ]ftu fre- 
quently occur in some of the varieties. Seven different varieties have been 
recognized. We shall have occasion to discuss only three. 
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Blotlto. 



(i (S. Slg, ('(.•)'+ J (51, Fe))' Si". HEXiQosAi„ 



It is uauallj' found in texagonal plates, the crystals showing three or 
more hexagonal pyramids and soraetimea a rhombohedron, PI. VL 
J^V*. 15, IG. Cleavage, parallel to the base. Lustre, epleadeni, more or 
less pearly on the base. When black, submetallic. The prismatic faceg 
are vitreous. Transparent, translucent, opaque. Color, generally green 
to black; in thin lamella;, green, red or brown. Sti-ealc, colorioss. 
H.=2.5-3. C.=2.7-3.1. Composition, Hg 4-25, te 0-20, SI 11-21, 
Pe 4-25, fli 30-44. 

P|T, &C. B. p. In a closed t\ibe, generally gives a little H. Some 
varieties give a reaction for fluorine. Whitens and fuses on the edges. 
Gives reactions for iron. Decomposed by S. 

It is found in large crystals at Greenwood Fumacp, N. Y., and elsewhere. 

PI TL 

Fig. 15. OR, c» P 2. | P 2 ; the latter form has a part of the fiwBa 
wanting. Fig. IS. OR. R. ooR. \V2. |P2. 2P2. 



loi^tc. (S'(S1, Pe))" Si'+lJ Si, 



Sth, — Common Mica, Biaxial Mica, Potash Mica, Kaliglimmer, Phengit 
Chrome Mica, Fuchsite, Chromglimmer. 

It is found in the cryetalline rocks in crystals, which UBually have a 
rhombic or an hexagonal contour, PI VI. Figs. 17, 18, 19, It was 
thought for a long time that these crystals belonged to the hexagonal 
syatem, but Ihey are orthorhoinbic. The primitive form is a rhombic priara, 
which has an angle of neariy 120°, producing limit forms. Wben the 
crystals are complete, they have six-v=ided termmations, Octahedra alone, 
or with a brachydome are rarely found. Figs. 20, 21, The edges of the 
crystals are never perfect, as they are made up of a large number of 
lamelte anperposed. Complete crystals are very rare. All the varieties 
of Hica have a very easy basal cleavage. The lamellce may be separated 
with the nail, for which reason the crystals are usually flattened in the 
direction of the cleavage, which ia parallel to the base. Lustre, pearly, 
sometimes submetallic. Transparent, translucent, opaque. Color, white, 
gray, brown, green, violet, yellow ; sometimes rose-red. AU of Iheae 
colons pass into black when they become intense. Streak, colorless. It is 
always transparent, but it may absorb the greater part of the light or per- 
haps the whole of it if the color is vary dark and if it is cot in thin plstss. 
Some varieties show the phenomenon of Dichroism, They are generally 
those which contain Br, These Micas have been very little studied, 
Muscovite possesses double refraction of one and aometimcs of two aies, 
which has given rise to the distinction of uniaxial and biaxial Micas. This 
clossiflcation has no particular interest, and has a very remote connection 
with the chemical composition. It baa been recently discovered, that by 
superposing several plates the same species may be made uniaxial or 
biaxial. H.=2-2.5. 0.=2.75-3.1. Composition, t 5-12, SI 31-39, 
Pe 1-8. Si 43-50. 

Pfr. &c. B. P, In a closed tube, gives off water uid reacts for 
fluorine. Whitens aud fuses at 5,5 to a grayish or yellowiali glass. Not 
attacked by acids. 

When tlie plates are very thin they are exceedingly flexible and elastic. 
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When the Mica has been altered this elasticity is lessened and sometimes 
entirely lost These plates are unctuous to the touch, which is probably 
owing to the presence of Magnesia. In the crystalline rocks it is found 
in plates, which are often very small, disseminated throughout the entire 
mass. These little plates do not show any crystalline characters and are 
probably the result of the destruction of larger crystals. It is usually 
found in large thin sheets, which have probably been produced by the 
cleavage of very large crystals. Besides the easy cleavage it has others 
that are more difficult. Cleavages are found parallel to the vertical 
faces of the prism and sometimes parallel to the brachypinacoid, so that 
when a strip of Mica is held up to the light a large number of striations 
are seen in the direction of the cteavages cutting up the plate, sometimes 
into rhombs and sometimes into hexagons. Besides the varieties more or 
less well crystallized, the mineral is found in some curiously distorted 
shapes. A variety known as Palm Mica shows the plates, which are 
usually very small, in the position of palm leaves. This position is caused 
by an apparently systematic arrangement around certain curved lines as 
axCvS. It is sometimes found in granular masses, which are almost sacchar- 
oidal. This is generally the condition of the Micas, which contain 
chromium. 

It is used in Russia instead of glass. Its most extensive use is for the 
fronts of stoves and lantern^ It is abundantly found in the U. S. 

FOBMULiB OF THR CRYSTALS. 
PI VI. 

Mg. 17. OP. ooP. oofoo. Fig. 18.. OP. ooP. c»f oo, P. 
F^, 19. OP. oof 00. 4P. 2 P. 6f 3. Fig. 20. P; a rare form. 
Mg. 21. P. 2 'f 00 ; apparently an hexagonal pyramid. 

Lepidolite. ((£4 Uy {^\ Ve)^ Si' +2 Si. Ortboiuiombio. 
Stn. — Lithia Mic% Lithionglimmer, Zinnwaldit, Litbionit 

It crystallizes as a right rhombic prism of 120°. It has a perfect basal 
cleavage. It is sometimes found in large imperfect crystals and in little 
plates almost granular, and appearing saccharoidaL Tnis variety can be 
polished. Lustre,- pearly. Translucent. Color, rose-red, violet,- gray, 
lilac, grayish- white, white, or yellow. It is to these briUiant colors, which 
resemble the wings of certain Lepidoptepi, that it owes its name. Streak, 
colorless. H.=2.5-4. 0.=2.84-3. Composition, & ^14, Li 1-5, £l 
14-38, ^e 0-11, Si 42-64. 

Pyi*. Sec. B. P. In a closed tul^, gives off water and reacts for 
fluorine. Fuses at 2-2.5, with intumescence, to a grayish glass, coloring 
the flame red. Attacked by acids. Gelatiwzes;afler fusion. 

It is found in large quantities in Paris and HebrOn, Maine. 

Scapolite Group, 

Ifemerlte. (i(Ca, Sa)*+|- *!)• Si»+Si. tMRAOoicAL. 

Stn. — Scapolite, Paranthine, Glaucolite. 

It crystallizes in a right square prism, with cleavages parallel to the faces 
of both prisms. The prism and octahedron^ or the two prisms and octa- 
hedra and basal pinacoid are usually found in the small colorless crystals, 
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¥i YIL I^ 1* % ^ These crystals can genenDy be distiDgoished by 
ih^ foria ftom the subsUnees which accompany them. They are usually 
^uod with Orthoebse» Nephelite and Titreous Feldspar. The earthy 
Varietiea have gener^y the same form, the prism of the second order being 
usuaHy laoie dev^^«a than the others, so as to give the appearance of an 
QOtagPoal urisra. llie octagonal prism is also found on the edges of the 
prism of the fir^t order, I\g, 3. It sometimes happens that the prism is 
surmounted by a &ix*sided pyramid, formed of four fiices of an octahedron 
and two of a sphenoid, which may be mistaken for an hexagomd form. 
^his hemihedry is frequently seen not on the prism itself, but on the 
OOti^onal pyramid. This gives an hexagonal termination on a square 
prism. The termination is then not symmetric with regard to the prism. 
!phia form is quite frequent Its fracture is usually lamellar on account of 
its numerous cleavages; otherwise it is conchoidal or uneven. Its lustre is 
vitreous, pearlv or resinous and is very variable. In small colorless 
crystals it is vitreous ; in the large crystals and in lamellar masses, which 
are sometimes translucent on the edges, it is generally somewhat resinous, 
but in many varieties it is earthy and dull. Transparent, translucent, 
opaque. Color, white, gray, bluish, greenish or reddish. The little 
vitreous crystals are generally colorless and unaltered. In the stony 
varieties U may be colorless, green or gray. The red color is general- 
ly an indication of an advanced state of decomposition. The rose-colored 
masses however, appear to be natural. Streak, colorless. II«=5-6. 
««=2.68-2.a Composition, fTa 5, Ca 18.1, £1 28.5, Si 48.4. Some 
varieties contain 2-3 ^ of water. 

P^« Sce» B« P. Fuses easily, with intumescence and gives 
usually a spougy scoria, especially if it has not been altered. When it has 
undergone a commencement of decomposition, the intumescence is much 
greater, the fUsion is easier, and a blebby glass is obtained. It is decom- 
posed by acids. 

The earthy varieties are generally decomposed on the surface, and may 
be covered over with a whitish or reddish coating. When it is well crys* 
taUised, it pan readily be determined by its crystalline form and by the 
fact that it is sometimes covered with a partially decomposed coating, 
\fh\oh, Is more or less pulverulent In cleavable crystalline masses, it is 
not always easy to distinguish it from the Feldspars. If the specimen is 
\^'eU chosen, it may be recognized by its lamellar and scaly fracture, -and 
ruinous and waxy lustre. When, however, these characters are not very 
^eU marked, the determination is difficult The blowpipe then must be 
\me4 The intumescence will distinguish it It has been found in some 
\9^Mitiea as bacillary radiations and fibrous, but these specimens are very 

SiAouU to determine and are only mineralogical curiosities. It has been 
^Uud ia Vermont^ Massachusetts, Connecticut, New York and New Jersey. 

rORMVLJB OF THE ORTSTALS. 

jw. vn. 

JV \. ooP. ooPcx). p. Fig. 2. coPoo. ooP. P. Pc». 
|i\y. a. opP. cjoPoo. ooP2. P. OP. Fig. 4. ooP. ooPoo. P. 
^^ a p. a P a ; fVom Siberia. 

Nephelite Group, 

l|«|l|l«iUt«»« (fTa* ty Si'+3 £1' Si*+3 Si Hexagonal. 

8Y¥*^£ivBolite, Davyne, Sommite, Elaolith. 

\\k iw^ U \\\% r^ular hexagonal prism. It has traces of cleavage 
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p&mllel to Iha faces of the prism and bhse. It is very difficult, however, 
to produce tiiem, aa the crystals are almost always small. Ita usual form 
is the hesaj^onal prism, wiiii one or more hexagonal pyramids and the 
base, PI. VJL Figi. 5, 6. Its fracture is conclioidal aod brilliant. Its 
natural faces have a vitreous lustre. It ia generally transparent and color- 
less, while or yellowish, but sometimes opalescent. The massive varieties 
are dark green, greenish, bluish, brownish and brick-red. Streak, color- 
less or same as color. H.=5.5-6. Ci.=2.5-2.G5. Composition, Sa 16.D, 
ft 5.2, £1 33.7, Si 445. 

Pyr, Ac. B. P. Fuses at 3,5 to a colorless glass. It gelatinizea 
with acids. 

It is generally .found in modem lavas, \a the Dolomite cf Uount 
Somma, and in the products of a few other modern volcanoes. It is 
usually accompanied by a number of other crystalline minerals, almost all 
of which are colorless as it is. These may be Zircon, Anorthite and the 
vitreous variety of Orlhoclase. It cau however be distinguished irom all 
these, because its form is hexagoual. 



PI vir. 

Fig. 5. OoP. OP. P; usual form. Fig. 6. ooP, 03P2. oopj. 
6P. 4P. 3P. P. JP. iP jP. OP. 4P2. 

Leucite Group. 
Lapls-Lazall. ^a, Oa, S], Pe, Si, S, S. Isometbic. 

Stn.- -Lasursf ein, Loaurit, Pierre d'Aaur. 

It generally occurs in amorphous masses, but crystals have been ftmnd 
which are rhombio dodecahedra. They come from Baikal in Siberia. It 
shows a trace of cleavage parallel to the face of a rhombic dodecahedron, 
Fraclure, uneven. Lustre, vitreous. Translucent, opaque. Color, 
azure-blue, viiilet-bloe, red, green ; colorless. Streak, same aa color. 
H.=5-5.5. G.=2.38-2.1.';. Composition, Sa 0-12, Oa 1-23, 5l 11-43, 
Se 0-4, Si 40-^80, S 0-5, S 0-4, Lapis-Lazuli is a mineral of very com- 
plex composition for which it is impossible to give any formula. It 
eontaina Sa, Ca, il, ffe, Si, S and some free sulphur. It has been 
artilicially produced and is the ultramarine of commerce. The presence 
of 5 and S in this silicate has not yet been explained and it ia not known 
how the iron exists. It is more than probable that it is a mixture. The 
color is diffarent shades of blue, according to the locality from which it 
comes. Its hardness is variable and seems to bo owing to the substances 
whicli accompany ii. The hardest variety scratohes glass with difficulty. 

PfT. Ac, B. P. In a closed tube, gives a little water. Fuses 
easily at 3, with intumescence and gives a bluish bead. In acids it is 
more or less easily attacked and gelatinizes, evolving at Hie same time a 
little HS. The action of acids is frequently to decolorize it; sometimes il 
is not attacked by acids, except after calcination. 

For B long time Lapis-t>azuli was only found in veins of limestone and 
was filled with Pyrite, as in Siberia, but within a few years some places 
have been found in this country where it is associated wiih Quartz and is 
consequently mLK.'h harder than the other varieties. It is much used by 
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jewelers, especially when it contains Pyrite. It was formerly used to make 
ultramarine, but is now Euperseded by a clieap, artificial preparation. 

Baurnlto. (i Sa'+} 51)' Si'+Ca 9. laoMEiRia 
SrH, — Hauyn, Berieline. 

It crystallizes in octshedra and rhombic dodecahedro, PI. VII. Mgs. 7, 8. 
Hemitropcs parallel to a face of the octahedron, and twins with bU 
the &cea parallel also occur, Figs. 9, 10. It has a cleayage parallel to the 
rhombic dodecahedron. Fracture, conchoidol or uneven. Lustre, vitreous. 
Translucent, opaque. Color, various shades of blue or green. Streak, 
oolorkss or bluish. H.=5.5-G. 0.=2.4-2.5. Composition, Sa 1G.5, 
51 2T.4, Si 32, Oa 9.9, B 14.2. It is lemarkable, like Lapis-Lazuli, for the 
B which it contains. 

Pyv, &C. B. P. In a closed tube, suffers no change. Tusea l 
4,5 to a white glass. Reacts for sulphur. Gelatinises With acids. 

It is found in basalta and volcanic rocks and is easily recognized by its 
blue color. Vivianite resembles it somewhat, but is readily distinguished 
from it by its associations and its easy cleavage. 



PI. VIL 

I-^'g. 7. O. ly. 8. CO 0. Mg. 9. Twin crystal ; composition-face 
0. i^. 10. Hemitrope; combination O. CoO. 



Sis. — Amphig8n e 

It is always found crystallized as the tetragonal trisoctahedron. The 
one usually found has the notation 2 02, PI. VII. Fig. 11. Teiy in- 
distinct cleavages are sometimes found parallel to the rhombic dodecahe- 
dron. Fracture, coQchoidal. It has very httle lustre on the natural faces ; 
on the fracture it is vitreous in the transparent varieties. In the others it 
is opaque and dull. Its crystals are sometimes transparent, but generally 
opaque as it has oilen undergone a decomposition towards porceialn clay. 
It is generally white or grayish, yellowish or reddish white. Streak, 
colorless. H. = 5.5-6. G. =2.44^-2.66. Composition, fi 21.5, 51 23.5, 
8i55. 

PjT. dec. B. p. Infusible, Soluble in acids, without gelatinizing. 
Bcduced to powder and treated with water, it gives an alkaline reaction. 

It is a volcanic mineral, generally found in lava. It can generally he 
recognized by its characteristic crystalline form. It is often found in lava, 
when it will be known fi-om its being white or reddish in a dark colored 
rock. In the granular varieties, it ia rare to £nd an entire crystal or 
the place occupied by one. When tlie large crystals are broken, it 
quently becomes apparent that the outside only is Leucite and that tho 
whole of tho interior is made up of lava. This is a phenomenon very 
analogous to the one p-e shall presently apeak of under AndaJusite. The 
crystalline form will generally be suflident to dialingTiiab it, but it might 
be confounded with Analcite which has the saiue form. This however 
is fiisible and ci 
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Feldspar Chroupm 

Like Amphibole and Pyroxene, the feldspars form a group. Unlike 
■them, however, the name feldspar applies to the group and the varieties 
are real specieH, while with Amphibole and Pyroxene the varieties are 
only peculiar conditions of the same species. The minerals generally 
known as the feldspars are Anorthite, Labradorite, Oligoclase, Albite and 
Octhoclase. The entire group, however, comprises a much larger munber 
than this. 

All the feldMpars are made up of ft, fi, Si ; but in the different species 
the relative proportions of these substances vary. Thus we have for the 
oxygen ratio in 



Anorthite, 
Labrador! te, 
Oligoclase, 
Albite, 
Orthoclase,' 

Thus it will be seen, that these species di^er always in the relation of the 
silicic acid to the bases, the relation between the bases being always 1 : 8. 
They are very analogous the one to the other and all crystallize in the 
triclinic system, except Orthoclase. 

oo'Pa CJoF OPA oo'P OPaooF OPaooPoo 

Anorthite, 

Labradorite, 

Oligoclase, 

Albite, 

Orthoclase, 

It thus appears that these species of feldspar may be mistaken the one 
for the other, unless the measurements taken are very exact. The differ- 
ent varieties are analogous in their cleavage also. 

OP OOP 00 oo'P ooF 

imperfect 
difficult 
less easy 

easy 

r 

All of these slight differences appear to be owing to the fact that the 
bases ft, although isomorphous, are not entirely in the same conditions. 
For these variations in the cleavage correspond to differences in the basea 
that make up the different species, as we shall presently see. ' The den- 
sities of these different species are about the same, but have slight varia- 
tions. 

Anorthite, 2.66—2.78. 

Labradorite, 2.67—2.76. 

Oligoclase, 2.65—2.69 

Albite, 2.59—2-65. 

Orthoclase, 4 2.44—2.62. 



120" 31' 


110" 40' 


114" 6i' 


94" 10' and 85" 50' 


121* 87' 


110" 50' 


113" 34' 


93" 20' « 86" 40' 


120* 42' 


110" 55' 


114" 40' 


93" 50' '' 86" 10' 


120*' 47' 


110" 50' 


114" 42' 


93" 36' " 86" 24' 


118" 48' 


112" 13' 


112" 13' 


90" 



Anorthite, 
Labradorite, 


easy 


Oligoclase, 
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very easy 
easy 



none 


none. 


tracea 
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difficult 


none. 
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In general, it may be said that Orthoclase has potash for its base and 
Albite, soda ; but there is nothing absolute in this, for the analyses of a 
certain number of specimens of Orthoclase show that it may contain more 
JTa than &, and that Albite may contain more & thlin ^a. But in general 
the rule holds good and it is probably owing to this, that there is a differ- 
ence in the forms of the two species. Oligoclase contains principally 
JTa, with & and a little Oa ; Labradorite contains principally Ca. Anor- 
thite resembles Oligoclase, but contains more Oa. Oligoclase, Albite and 
Orthoclase are not attacked by acids, probably on account of the very 
large proportion of Si. Labradorite and Anortbite are completely soluble 
in acids, gelatinizing. It is difficult to distinguish the symmetrical and 
dissymmetrical forms in simple crystals, as PI. YII. Figs, 14, 15 and 
PI VIIL Mgs. 11, 12, but when the crystals are composite or macled, 
it becomes easy. In PL VIIL Mg, 14 is shown a crystal of Orthoclase, 
macled by a hemitropy parallel to the clinopinacoid ; PI VIL . FHg, 18 
is a crystal of Albite, macled in the same way. In the first case the two 
crystals are perfectly symmetrical and the angle between P and oc j^ oo 
is a right angle. In the second case they are not ; the angle not being a 
right angle, where the faces come together, a reentrant angle is formed on 
the line of junction. On the opposite faces below there will be a dome. 
Besides this, the cleavages parallel to the base go through the entire 
crystal of Orthoclase, which is not the case in Albite, since the two 
crystals do not correspond. The same is true of the other macled species. 

Anorthite. (i Oa* +f SI)' Si*. Triclinic. 
Stn.— Indianite, Christianite, Amphodelite. 

The primitive form is a doubly incHned rhombic prism of. 120* 31'. 
Among the products thrown out by certain volcanoes, especially in the 
blocks from Dolomite of Mt Somma, the vitreous variety of Orthoclase is 
found i^ small transparent crystals, which lopk like melted gliass. If they 
are carefully examined with a glass, other crystals are sometimes found 
which resemble them, but which are not symmetrical and have reentrant 
angles. This mineral is the feldspar Anorthite. These crystals of Anor- 
thite are always very small, and often cannot be distinguished except with 
a glass. They are usually complete and so evidently of a different form, 
that they are easilr distinguished from the crystals of vitreous Orthoclase, 
which are generaOj flattened in the direction of the brachypinaooid or 
«e even reduced to the thinness of paper, while the crystals of Anor- 
thite are about equally developed, and appear sometimes almost spherical. 
The usual forms are shown in PI VII. Figs. 12, 13. Cleavage, parallel 
lo the base and brachypinaooid. Fracture, conchoidaL Lustre, vitreous, 
Tjut pearly on the cleavage. Transparent, translucent, opaque. Color, 
white, grayish or reddish. Streak, colorless. H.=6-7. G. =2.66-2.78. 
Composition, Oa 20, Xl 36.9, Si 43.1. 

Pjrr. Slc B. p. Fuses at 5 to a colorte glass. Soluble in HCl, 
gelatinizing. *^ 

FORMULiEB OF THE CRYSTALS. 
PI. VII. 

i^'i^. 12. 00 F. oo'P. OP. 2,f'oo. 2'Poo. 2^00. 2,P,oo. ,P,oo. 
'P. P,. ,P. 2,P. i?^. 13. OOP'. oo'P. OP. oof 00. 2'P'ax 
2,foo. 2'f,oo. 
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t 
Ijabradorite. (Jta, Ca) Si+Sl Si*. Tbiolinio. 

Syn. — Labrador, Pierre de Labrador. 

Labradorite has the 'same forms and cleavages as the other . species 
of feldspar. Crystals, however, are very rare ; it is generally found in 
lamellar masses, which are highly striated and semi-translucent Cleavage, 
easy, parallel to the base, less distinct, parallel to the brachypinacoid and 
prisQU Lustre on the base pearly, elsewhere vitreous. Translucent, 
opaque. Color, gray, brown or greenish, sometimes colorless. It usually 
has a bright play of colors on the cleavage faces. Streak, colorless. 
H.=6. G.=2.67-2.76. Composition, STa 4.5, Oa 12.3, XI 30.3, Si 52.9. 

PjTl** A^c. B» P. Fuses at 3 to a colorless glass. Partially soluble 
in strong acids, and, when it has been reduced to a fine powder, it 
gelatinizes. 

The lustre of its fracture is very bright, an4 somewhat resembles that 
of Orthoclase, but the striations and the solubility with acids distinguish 
it. Its chief characteristic is its play of colors. It is readily distinguished 
from a similar variety of Orthoclase by its striations. 

01lg:oela§G. (i (*a, ea)»+f 2tl) Si'+3.J Si. Tiuclinio. 

SrN. — Oligoklas. 

Oligoclase is sometimes found in perfect crystals, which resemble Ortho- 
clase, but differ from it by want of symmetry. These crystals are fre- 
tfuently lengthened in the direction of the macrodiagonal,« PJ. VII. 
Fig, 14. They are generally stony and do not have much lustre. Clea- 
vage, parallel to the base and brachypinacoid. Fracture, conchoidal or 
uneven. Lustre, pearly, waxy or vitreous. Transparent, tranducent, 
opaque. Color, white, grayish, greenish; in Gold Stone (Aventurine) 
reddish. It is usually greenish. Streak, colorless. II.=6-7. 0.= 
2.50-2.72. Composition, Sfa 2-12, Ca 0.5-5, 3tl 19-24, Si 59-64. 

Pyr. dee. B. P. Fuses at 3.5 to a clear glass. Not acted upon 
by acids. 

Crystals of Oligoclase are quite rare, but lamellar masses are found in a 
large number of rocks. They can be easily distinguished from Orthoclase 
by the striations, but it is quite difficult to distinguish them from Albite, 
since their external characters are nearly the same. When the mass is 
greenish it is pirobably Oligoclase, but when the mass is red or white it 
will be doubtful. The only way to distinguish them will be a chemical 
analysis. For a long time the massive specimens of Oligoclase were con- 
founded with Albite. It can sometimes be recognized by the minerals 
which accompany it. Thus, from Arendal in Norway, it is usually 
associated with green Epidote. It can be distinguished most satisfactorily 
by a determination of the fli, which need not be very exact, for the pro- 
portions are very different in the two minerals. Albite contains 68-72^, 
while Oligoclase has only about 60^. It has been found in New Hamp- 
shire, Massachusetts, Connecticut, Pennsylvania, Delaware and elsewhere. 

FORMULJI or THE CRYSTALS. 

PlYll. 
ing. 14. OP. cx)foo. oo'fSS. oo'P. c»F. ,P. P,. 2'f,oo. 
2^f'oo. ,P,oo. 2,P,oo. 
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Alblte. (iSii'+l Si)' 9i"+6 Si. Triclinjo. 

Srs. — Tetartine, Pericliiie. 

The' crystalUne forms of Albite are very nearly the aarae as those we 
shail describe under (he head of Orthoclase. Simple cryaLals are quite 
rare, PI. VII. Figs. 15, 16, 17. There is n very remarkable form of 
Albite, which shows a great development of the buBe and hemi-ortlio- 
dome, tiga. 22, 23, It conalilutea the variety called Pericline, which la ■ 
getierally miik-white and opaque, witJi a very bright luatre. They also 
sometimes conUkin the facea of ahem i-brachy dome. These crystala appear 
at firet sight t* be symmetrical, but it will be remarbed that the atriaUona 
on the surface are not continuous, which showa that the crystals are 
formed of the union of several others. Heraitropes parallnl to the base 
often occur, PI VIII. Mgi. 1, 2. The exterior of the crystals of 
Peiicline are often covered with iron and Chlorite. The ordinary form of 
Albite is the twin paralJel to the brachypinacoid. Figs. 18, 19. The 
obliquity between the base and the brachypinacoid produces reentrant 
angles on one wide, and a dome on the other. This diapositioD is charac- 
teriatio of Aiblte. In the hemitrope cryatala the cleavage is never perfect 
across the crystal. Reentrant angles are also made by a hemitrope 
around the normal to the brachypinacoid, aometimea parallel to the base. 
These crystals are rarely ever formed alone. Albite is generally found 
in oollections of crystals, . united to form one large one, A transverse 
section of a crystal often shows a series of reentrant anjfles, aiialo- 
gons to those described under Quartz. Such crystals are composed of 
others which are generally hemitrope, sometimes in one direction, and 
Bonietimes in another. The faces of innction produce striations which are 

Earallel to enqh other, and which oflen produce a pearly liistre. Albite 
as easy cleavages, one parallel to the base, and one parallel to the bracliy- 
EtnacoiA The fracture is lamellar and sometimes conchoidal or uneven. 
t is often granular in the imperfectly crystallized varieties. Its lustre on 
liie &cea is vitreous, but on the fracture it is pearly. Transparent, 
translucent, opaque. The color is generally white, either clear or milk- 
white. It is aotnetimes rosy-red, yellowish, greenish, bluiah, grayish. 
Sometimea it has a bluish opalescence. Streak, colorless. Tt is lamellar 
and sometimes even fibrous, H.=e-7. Ci.= 2.50-2.65, Composition, 
Sa 11.8, SI 19.G, Si 63.6. 

I^r, &c. B. P. Fuses at 4 to a clear head, coloring the flamo 
yellow (S&), Insoluble in ai;ids. 

Albite is found in a number of rocks ; associated with Hornblende it 
forms Dioryte. It is quite common in Gneis.«, It is found also in , 
Trachytes and PhonoHtea, It is frequently found in Porphyries. When 
it is associated with Orthoclase in Granite it can be readily distinguished 
by its greater whiteness. Rare minerals and gems are often found in 
veins of albitic Granite. The lamellar masses of Albite are distinfjuished 
by the visible atriations produced by hemitropy, which are' generally less 
distinct in the other varieties of feldspare, except Oligoclase. The 
atriations in pencil may also be seen aometimea by turning the crystal a. 
little in the li^ht. It can sometimes be distinguished by the feathered and 
fibrous disposition of the fracture. The fracture of Albite is also more 
generally granular than that of Orthoclase, Such characters are however 
often difficult of observation. 
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FORMULA OF THE CRTSTAL& 

Fi vn. 

2^.15. ooT. 00 F. oof 3. oof '3. oofoo. OP. Poo. 2 Poo. 
f 00. F. iP. Fig. 16. The preceding, without iP', but with 'P. 
Hg, 17. Twin crystal. Itg, 18. Heraitrope ; composition-face oo f oo. 
Fig, 19. Twin crystal, with the combination oofoo. ooT'. oo'f'3. 
OP. P 00 ; characteristic form of Albite. Fig, 20; Hemitrope as in 
j^. 19, but the two halves by interpenetration crossing on a vertical line, 
so that the right quarter in front is continued in the leil quarter behind, 
and the left in front in the right behind, i^. 21. Double twin, formed 
by juxtaposition, parallel to the vertical axis, of two twins like 
F\g, 20, according to the law of the orthoclase twins, PL VIII. Figs, 21, 
22. ^^.22. OP, ,P,oo. oo'P. 00 P'. oofoo; form of Pericline. 
Fig, 23. The preceding, with ,P and fPoo. PI, VIIL Fig. 1. 
Hemitrope ; composition-face P. As the part revolved in this case is 
the lower half and the salient angle is on the left, this twin is left-handed. 
Fig. 2. The same as the preceding, but right-handed, because the upper 
half is the part revolved. 

OrtliOGla§e. (i & 3 +f ^)^ Si'+6 Si. Monoclinio.' 

8yn. — Feldspar, Feldspath, Adularia, Adular, Eisspath, Orthose, 
Pegmatolith, Loxoclase, Ryacolite, Sanidine, Microcline, 

Amazon Stone. 

It crystallizes as an inclined rhombic prism of 118** 48'. The primitive 
form of Orthoclase, PI. VIII, Fig, 3, without modifications is compara- 
tively rare. At first sight it might easily be mistaken for a rhombohedron^ 
but the direction of the striations shows that it is not The striations of 
the base are parallel to the orthodiagonal, while those of the prism are 
parallel to the edges of the base. There is another form made up of the 
prism and a hemi-orthodome, Fig, 4, which might still more easily be 
mistaken for the rhombohedron, but it can be distinguished from the first 
by the stiiations. These crystals are sometimes quite large and their 
surface is generally covered with Chlorite, which sometimes masks the 
striae. In order to find out what form it is, it is sufficient to effect a 
cleavage, which shows the disposition of the strise. Besides these forms 
which belong to detached crystals of Orthoclase, others are found in 
eruptive rocks. They are generally long crystals as in Figs, 9-11. Those 
of the first type are very often vitreous. They are then very thin in the 
direction of the clinopinacoid. In the second form, Fig, 10, the faces of 
a clinoprism appear. These faces are generally small and without lustre, 
which distinguishes them from the others, which are usually brilliant It 
is often found in Granite with a lengthened form, Fig, 12, in which the 
rectangular prism predominates. Beside these forms, it is susceptible of 
macles and hem i tropes, which may be produced according to different 
laws. Sometimes the hemitropy takes place around the face of the clino- 
pinacoid, and then the form Fig. 14 is produced. As we have seen 
before, there is generally a cleavage parallel to the base, but sometimes it 
happens that the striations do not continue in the * same line in the two 
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crystals either parallel to the base or the hemi-orthodome, which shows 
that the crystal is hemitrope. Sometimes, particularly in the trachy tic 
rocks, the crystal is hemitrope around the clinopiniacoid and is then dis- 
placed laterally, but the parts penetrate each other very nearly half and half, 
Figs. 20-22. The very lengthefied forms, Fig, 12, may give rise to two hemi- 
tropes. The 6rst, Fig, 13, takes place around a normal to the base. In 
this case, as the angle between the base and the clinopinacoid is -90**, the 
cleavage parallel to the clinopinacoid goes through the whole crystal. 
The second hemitrope takes place around a diagonal, Fig. 15. The two 
faces of the clinopinacoid are almost at right angles. In this foim the 
faces of a clinoprism are frequently found. These forms are easily dis- 
tinguished from Albite ; for when the hemitropy is in the first case the 
cleavage parallel to the clinopinacoid does not go through the crystal. It 
is sometimes found in very large crystals. It is rarely simple, but is formed 
of macles of several crystals, according to one or more of the laws just 
described. These clusters of macles can readily be distinguished by their 
striations. It has an easy cleavage parallel to the base and clinopinacoid 
and a less easy one parallel to the orthopinacoid and prism. 

On account of the two very easy cleavages, Orthoclase is almost always^ 
more or less split, so that it has the appearance of having brilliant faces 
or mirrors in its interior. Its fracture is generally lamellar; across the 
crystal it is sometimes conchoidal and sometimes smooth. The lustre of 
Orthoclase is vitreous, in the transparent crystals ; on the cleavage faces 
it is often pearly. The faces of the base and hemi-orthodome are always 
less brilliant than the faces of the prism ; and the faces of the clino- 
prism are always without lustre. Transparent, translucent, opaque. The 
transparent varieties are generally whitish and show mirrors caused by 
cleavage. Color, flesh- red, white, gray, greenish or bright green. Streak, 
colorless. H.=6-6.5. 0.=2.44-2.62. Composition, K 16.9, 3kl 18.8, 
Si 64.6. Some varieties contain as much as 10^ of soda. Generally the 
largest amount is 6^; most varieties contain only .a trace. 

Pyr. dee. B« P. The colored varieties whiten. In thin scales it 
is fusible between 4 and 5 to a white glass. With borax, it gives a trans- 
parent glass and with S. Ph., a silica skeleton. Not acted on by acids. 

The colors of Orthoclase are in general not very decided ; they are 
white, grayish and flesh-color, more rarely rose-red and green. This last 
variety is used for ornaments under the name of Amazon Stone. A 
transparent, vitreous variety of Orthoclase is found among volcanic pro- 
ducts, generally in Lavas or Trachytes. This variety has been called 
vitreous feldspar or Sanidine and was for a long time known as Ryacolite, 
which was supposed to be, a separate species of feldspar. They are 
generally characterized by rounded exterior surfaces, which gives them 
the appearance of having been melted. It appears, however, to be owing 
to the circumstances which prevented them from forming completely. 
Some of these varieties show the hemitropy described, where the crystals 
have been displaced laterally. They are found in the granitic, trachy tic 
and porphyritic rocks. The lengthened form is also found and the hemi- 
tropes.to which it gives rise. A variety is found which changes its color, 
sometimes showing the phenomenon of asteria ; the light falling upon it 
is decomposed and shows a pencil of rays. These varieties always have 
the cleavage parallel to the clinopinacoid and the base, which form fine 
parallel striations on the surface, but this phenomenon is exceptionaL 
This variety is called Microcline. Generally the crystals which show a 
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change of color are Labradorite. Beside these crystalline varieties, there 
are those which are only imperfectly crystallized, and this is generally the 
case in the Granitic rocks. These varieties are generally, in lamellar 
masses having the rectangular cleavages. They cannot be scratched with 
the knife, but they scratch glass. Their color is generally darker than 
that of the crystals. They are red, brown, yellow, green, but generally 
flesh- color. It is also found in granular and earthy masses. This is owing 
to a commencement of decomposition, the mineral passing into porcelain 
clay. Massive Orthoclase is frequently found associated with crystallized 
Quartz, both crystallizing together. The crystallization of the feldspar 
has been hindered and has assumed the shape of irre^lar thin plates. 
The Quartz is frequently smoky and gives to the mass the appearance of 
having hebrew characters written upon it The rock is called Graphic 
Granite. Geodes filled with perfect crystals are frequently met with in 
massive feldspar. Sunstone is the name of a variety which is transpa- 
rent in thin lamellar and has gold-colored Mica scattered through it. 
Part of the mineral known as Sunstone is Oligoclase. 

Orthoclase is the essential constituent of a large number of rocks. The 
feldspar of the porphyritio and trachytic rocks is generally Orthoclase ; 
sometimes, however, it is Albite or Oligoclase. 

FORMULAS OF THE CRTSTALS. 
PI VIII. 

Fig. 3. 00 P. OP. Fig. ^ ooP. P cx>. Fig, 5' ooP. P cx>. 
P ; usual on Adularia, Fig. 6. The preceding, but with the base and 
hemi-orthodorae equally developed. Fig, 7. The preceding with oo ^ oo. 
Fig. S. The preceding, with 00 Poo. P. Fig. ^. co^ Qo. oo!P. OP. 
2 P oo; usual form of the Orthoclase in Granite and Porphyry. The same 
form is shown in Fig, 19, in a different position. F^g, 10. The preced- 
ing with oo i* 3. J^. 11. ooP. ootoo. OP^ 2Poo. Poo. P. 
2i*oo. Fig,Vl, OP. oo^oo. ooP. 2Poo. 2too; usual form of 
the rectangular crystals. Fig, 13. Twin crystal ; composition-face P. 
Fig, 14. Hemitrope; composition-face 00^ 00. Fig, 15. Hemitrope; 
composition-face 2? oo. Fig, 16. Projection of a twin crystal similar to 
the preceding. Fig, 17. Double twin crystal, formed in the same way 
asi^. 15. Fig,\^. ooi^oo. oo?3. ooP. OP. 2Poo. Poo. 
fPoo. P. 2^00. F^g,\^. Usual form of Orthoclase. .i^. 20. 
Twin crystal by juxtaposition upon the face oo i^ 00. Figs, 21, 22. Twin 
crystals by interpenetration ; composition-face 00^ 00. Fig, 21, is a left- 
handed and Fig, 22 a right-handed twin, as the left and right halves are 
respectively the parts revolved. 

PETROSILBX. 

STN.—Felsite. 

Petrosilex, or compact feldspar, as it is often called, is for the feldspars 
what Corneine is for Amphibole, and Lherzolyte for Pyroxene. It is a 
rock of analogous composition with the feldspars and is sometimes their 
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lAi^trix. The oomposition is variable. Si 70—80, sometimes less, XI 
IH---20, Alkalies 11 — ICL According to the proportion of the di£ferent 
elementa, Petrosilex has given rise to different feldspars. It is 
never orystaUised and never has any well defined character. Its 
hardness is about the same as feldspar. It is not acted on by acids. 
]^)aible to an enamel, intumescing slightly, which is owing to 1 or 2^ of 
H, which it sometunes contains. It has an intermediate form and 
stmoture. Its fracture is scaly with sharp edges, which ftp^jfifeetimes 
translucent. Il is often smooth and conchoidal lilpe a ^*^^t^Hc:^9^^* 
It has a f^ttj lustre and its color is variable, but, gemflpqLfhght 
By the hardness it might be confounded with compact Quarts^ but its 
fusibility distinguishes it. It is found in nature under similar conditions 
with the feldspars of which it sometimes contains crystals. Some 
varieties of Petrosilex approach Albite, others Orthoclase or Oligodase. 
They rarely approach Labradorite. They are often found associated with 
the Granitic [Porphyries, .either as nodules or veins. 

PITCHSrONE. 

Syn. — Pechstein. 

Pitchstone, Pechstein, and resinous feldspar are names given to' a 
rock the composition of which is analogous to the feldspars, but which 
contains a considerable amount of water. These rocks are quite 
fragile and not so hard as Petrosilex. They are not attacked by acids 
and only partially attacked by alkalies. They fuse with inttobBscence 
and generally wniten, as their color is usually due to orgaoie matter. 
Their composition is analogous to that of Petrosilex, except that tbily eon- 
tain an amount of water varying from 4-3 and even 10^. They l^ve a 
peculiar, vitreous^ lustrous or resinous appearance, which capnot Be ,. de- 
scribed. Their fracture is irregular, though generally: 8m<^^ but farely 
conchoidal or plane. They are usually more trdnsltK^xit man Petrosilex 
and their colors are generally darker. They- '^Ste ollfen Jfikind ' associated 
with feldspar. Owing to their very peculiar and resineij^ lustre, they can 
easily be distinguished from the varieties of Opal called resinous Quartz. 
Their fusibility will however distinguish them in case of doubt. 

OBSIDIAX. 

Obsidian is a volcanic glass, which has a variaUet composition, but 
which approaches that of feldspar. Si 70-80, XI 2-10, Sa and ft 3-10, 
V9i and A(g 1-4, f^e 0-3, iSln traces, Volatile matter 0-4. The volatile mat- 
ter may be water or combustible material. Obsidian is generally of a 
dark green color, which is owing to the presence of iron, or of a dark 
brown, owing to organic matter. Its fracture is conchoidal and its lustre 
yUroous. Parts of it sometimes present the appearance of becoming de- 
vitriticd; such parts usually contain more lime than the others and are 
thus more stony, and then are often found as distinct globules in the mass. 
li is bpuiutiuieti found stratified in beds of vitreous and stony matter; such 
spficiweus have not been thoroughly melted. Obsidian is found in great 
aV^^d^^ue iu volcanic products and in lavas, through which it is often 
scii^Urud in the «ha(>e of globules. Feme's Hair is the name given by the 
uaUvi^ Mt' ^t» Haudwich Islands, to the volcanic glass from Mauna Loa, 
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which has been spun out into fine filiaments by the wind. A similar pro- 
duct is sometimes found in blast furnaces. 

PUMICE. 

Stn. — Bimstein, Pearlstone, Spherulite, Perlstein, Perlite. 

Pumice and Perlite are two products which are analagous in composition, 
and in their mode of formation to Obsidian. Some silicates when they 
are in a fluid state have the property of becoming porous and swelling, so 
as to resemble sponge. This is the case with some artificial slags. The 
contact of such silicates thrown out by volcanoes with water produces 
Pumice. The name Perlite has been given to the same substance, when 
it is in little globules soldered together. Pumice resembles a very bulby 
and spongy glass; sometimes it is dri^wn out into fine fibers, so that the 
mass looks fibrous, but sometimes it exists as real fibers. It is generally 
of a white color, but frequently passes into Obsidian, which has about the 
same mean composition and differs from it only in being compact 

PBODUCTS OF DECOMPOSITION. 

Under the influence of atmospheric agencies, the silicates undergo a 
peculiar decomposition, especially when they contain any bases susceptible 
of a higher degree of oxidation, such as Fe. In such cases the alkalies, 
the Oa and Ag, and even the silica, either by the action of pure water 
or water charged with C, are at times partly dissolved, ^besides the 
action of water, other causes, such as the action of acid vapors, may have 
produced this decomposition. These vapors sometimes consist of HCl, 
which appears to be given off in abundance in certain formations, since 
chlorides are found in many rocks. At other times the decomposition is 
produced by S or HS, which fill the ground of certain regions. Moi^e 
often however, the decomposition is produced by damp air or by water, 
which may be water firom thermal or other springs, or may be in the 
state of saturated vapor. There is no silicate, which will not after a cer- 
tain time be affected by such action. It is generally the feldspathic rocks 
which are affected in this way, which is the reason why we treat of this 
subject here. Sometimes, when the decomposition has not gone veiy far, 
the structure and cleavage of feldspar can still be seen. Generally how- 
ever, they are in a more or less earthy condition, quite distinct from the 
parts which have not been acted upon. The products of decomposition 
can thus be generally separated. They are usually composed of silica, 
alumina and water. If these luaterials are not in peifectly defined pro- 
portions, and their variable composition seems to prove it, they are not 
mixtures of 3tl, Si and fl, but rather mixtures of definite combinations of 
these elements ; for by the action of the alkalies, only a very little Si is 
dissolved, and without acids only a very little alumina. Although a part of 
the water may be driven off at a low temperature, the greater part can 
only be separated at a very high heat. These products of decomposition, 
not having a definite chemical composition, cannot have any very well 
defined characters. They are generally in earthy masses. When dry, 
they absorb water and attract the tongue ; in contact with water, they 
fall to pieces and make mud. This mud makes a paste which is more or 
less plastic, but cannot generally be drawn out without breaking. With 
heat, they become hard and compact, but do not lose their water, except 
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at a very high temperature. They are infusible, unless mixed with some 
metallic oxides. When the decomposition has taken place in a rock, £he 
elements of which are well separated, as large grained G-ranites and 
Pegmatites, the Quartz is unaltered and the Mica is not decomposed ; 
the feldspar only has undergone decomposition. The Mica, however, 
undergoes certain changes and takes a silvery look, which it did not have 
in the unaltered rock. We shall separate these kinds of products of 
decomposition as follows : 

1. Kaolins, or porcelain clays, resulting from the decomposition of 
rocks in place. 

2. Ordinary Clays, formed as sediments. 

3. Clays, produced by chemical deposition. 

KAOLIN. 

Syn. — Kaolinite, Porcelain Clay, Porzellanerde, Argiles h porcelaine. 

Kaolin is generally produced by the decomposition of the feldspar of 
granitic rocks, and is generally found in place. It is usually white and 
somewhat plastic, not very coherent, earthy and without argillaceous odor 
when breathed upon. By crushing and washing, it is very easy to sepa- 
rate it from the undecomposed materials accompanying it It is very 
much sought for when free from iron, for the ma\iufacture of porcelain. 
For this purpose it is indispensible that all the Mica should be washed out. 

Brongniart analyzed a great number of Kaolins used in the arts and ar- 
rived at the following limits : 

Si 23-46, Metallic oxides 0.5-1, *1 21-43, 6a, ]Slg 0-6, Alkalies 
0-0.5, S 5-12, residue not argillaceous 0-3. 

Its general formulae may be expressed as XI Si'4-2 fi ; 3tl 39.8, Si 
46.3, fl 13.9 

ORDINARY CLAYS. 

Clays seem to have been formed from the product of decomposition 
carried off by water and deposited in beds in the stratified formations. 
They do not have any well-defined characters. When dry they rapidly 
absorb water, which they lose easily and then contract and crack in every 
direction. They have an earthy and sometimes a lamellar aspect. When 
taken from the earth they are sometimes somewhat translucent on the 
edges and have a soapy look and a slight lustre. When breathed upon 
they give a peculiar odor called argillaceous, like the smell of ground after 
a rain. Their colors are very variable ; so remarkable that those found 
with salt are frequently called variegated clays. They seem to have under- 
gone a sort of metamorphisra at a very high pressure, under the influence 
of which the iron and other metals in different degrees of oxidation have 
given different tints to different parts of the mass. These different colors 
are frequently arranged in regular stratified layers. The chemical compo- 
sition of clays is very variable but they can all be arranged around two 
types, represented by the following compositions ; 

L II. 

Si 45—50 60—06 

XI 34—38 18—25 

fi: 9—15 9—15 

These may be represented by the formulae 

*l» Si»+4 fl; Si 51.83, XI 35.36, ft 12.46 and 
XI Si»+3 fl; Si65.<34, XI 22.54, fl 4.82. 
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These clays are generally plastic enough to allow their use in moulding 
and for pottery. When they contain but little iron they can be used for 
fire brick. They absorb water rapidly and have a very distinct argilla- 
ceous odor, and are only partially acted on by acids. 

CHEMICAL CLATB. 

Stn. — Smectite, Terre h foulon, Steinmark, Liihomarge, Walkerde. 

The third variety constitutes the varieties known as fuller's earth or 
smectic clays. They can be almost entirely attacked by acids and alkalies, 
and are scarcely at all plastic. They do not fall to pieces in water and 
make a paste hardly* capable of being drawn out, or, as it is said, is very 
short In the fracture their lustre is quite bright ; they may even be trans- 
lucent on their edges. This translucidity disappears and re-appears, when 
they are placed in water. This may be done several times. When rubbed 
with the nail they sometimes acquire a very high lustre. They do not 
absorb water as easily as the first two varieties, but they unite with fats, 
even when cold, and saponify. They are largely used for soap in the 
countries where they are found. 

The chemical clays differ materially in their characteristics from the 
ordinary clays, and also in their formation. They generally accompany 
certain metallic oxides and have the general appearance of definite com- 
pounds. They are not entirely amorphous, and when just taken from the 
earth are quite translucent on their edges and even sometimes transparent. 
They do not always become entirely opaque afterwards. Their fracture 
is smooth and sometimes scaly and bright. When rubbed they take a 
bright polish. In water they do not fall to pieces, and are not at all 
plastic, but they absorb water and become much more transparent. Like 
the smectic clays, this translucidity may be made to appear and disappear 
several times.- They are all attacked by acids and gelatinize. They have 
no absolutely definite composition and therefore are not species. Certain 
authors have regarded them as species, but they should not have 
names given to them, except to serve a sort of pseudo-scientific purpose 
in distinguishing them. Their chemical composition is generally Si 44-50, 
XI 17-23, tL 22-27. They sometimes contain a little Sig and fe. Some 
varieties of these chemical clays which have a schistose structure are 
called Lithomarge and also those which form the fluccan of certain 
metallic veins. 

III. Subsilicates. 

Clirondroditc. iSlg^ Si\ ORTHORnOMBio. 

Syn.-— Brucite, Humite. 

* 

It crystallizes as a right rhombic prism of 94* 26'. The crystals show a 
very large number of faces and present several types some of which show 
hemihedral forms PI VIII. Fig, 23. The volcanic varieties have gener- 
ally the most complicated forms. Cleavage indistinct, parallel to the base. 
Fracture, conchoidal or uneven. Lustre, vitreous or resinous. Transpar- 
ent, translucent, opaque." Color, white, yellow, brown, red, green, gray or 
black. Streak, white or yellowish. H.=6-6.5. G.=3.11 8-3.24. Com- 
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I, Fl 5.51 



Part of the oxygen i> j 



posiUon, Hg 54,50, fe 6.75, &i i 
always replaced by Duorlne. 

Pyr. Ac B. P. Infusible. Some varieties blacken and then , 
become white. With fluxes, gives the reactions for irou. With S,Fh, ' 
or 5, gives the reactions for FL Gelatinizes with aeids. 

It is almost always found as rounded crystals, or in grains in lime 
sometimes associated with Graphite. Humite is generally found i 
feldspathic rocks of Mt. Soninia. It might resemble certain variel 
GrarneC or Tounnaline, but its gravity is less and its infosibility and i 
with acids will also distinguish it. 

It is found abundantly in Massachussetts, New York, New Jersey and i 
Pennsylvania. 



PL vin, 

Fig.2Z. QoP. Poo. JP. fP2. 4to: 
hemihedral. 



Tourmaline. ((Sa, 6, fia, Sig, te)' (Pe, SI, B))" Si'. ITex4conal. 

Sys.— Schorl, Bubellite, Indicolite. , 

It crystallizes in fonns derived from a rhombohedron of 103°, parallel to | 
which it hue traces of cleavage. The forma of Tourmaline are nil hemihe- ^ 
drnl, with inclined faces. Thus the trigonal prism ia frequently found, j 
PI Tin. J^». 24-27. This same hemihedry shows itself in the termi- | 
nations. The ditrigonal prism is also found, PI. IX. Fig. 5. Crystals { 
are very often found hemiraorphic, PI. VIII. Mgi. 2o, 26. Ft. ££. 
Figs. 2, 3, 4, 5. Generally the crystals have a very large number of 
modilications, which show themselves by striations on the trigonal prism, 
making the section of the crystal a spherical triangle, which is generally 
equilateraL Fracture, coachoidal or uneven. Lustre, vitreous. Transpa- 
rent, translucent or opaque. Even the opaque crystals are translucent 
when cut into very thin plates. Color, black, brown, blue, green, red, 
sometimes colorless. The black color may be'intense green, blue, violet 
or reddish-brown, which colors are also found lighter. The red variety of 
Tourmaline is sometimes called Subellite and the blue variety Indicotite. 
Very often the same crystal has two or more of these colors together. 
The Tourmalines from Elba often show two or even three colors. Streak, 
colorless. The varieties which contain the alkalies and the alkaline earth*, 
are generally of a light color, while those containing the metallic osides 
are darker. It sometimes has a remarkable dichroism. In the direction 
of the vertical axis, some crystals are yellowish-brown, and perpendicular ' 
to this a.=par!^U8 green; or respectively brownish- violet and greenish- , 
blue: or purple and bluish. It is pyroelectric. H.=7-7.5. G.=2,94-3.3. 
Composition, Sa 0-5, £ 0-4, Ca 0-2, Slg 0-15, ta 0-17, Fe O-ll, SI 
30-44, B 4r-ll, Si 35-40. It is possible that a part of the B may replace 
a part of the SL A Bmall portion of fluorine is almpit always found, 
which probably replaces some of the oxygen. It is impossible to make 
anything more than ageneral formula, on account of the difficulties which 
the timiiltaneous presence of 3i, B an<i Fl causes in the analysis, 
PjT. &c. B. P. Most of the varieties fuse to a blcbby gissi, but 
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Boine are infusible. With flaxes, it generallj gives the reactions for iron 
and manganese. Fused with bisulphate of potash and Fluorite, it gives 
the reaction for boracic acid. Heated, loses weight, giving off fluoride 
of silicon or perhaps fluoride of boron. Not decomposed by acids, unless 
after ifusion. 

Those varieties which contain metallic oicides have different characters. 
The darkest are fusible, with intumescence, but the clear Varieties are gener- 
ally infusible. They all color the flame green, owing to the presence of 
B. None of them are attacked by acids. The red variety called 
Rubellite has been used to imitate Ruby, but it possesses only simple 
refraction. Tourmaline is very remarkable for certain physical properties ; 
it is much used in optics, particularly in the study of polarization. 
A bacillary variety is also found made up of baguettes more or less fine, 
generally placed together in a parallel position, but sometimes. radiated. 
It might be confounded with the radiated varieties of Andalusite, but can 
be distinguished by the complete absence of cleavage. From Amphibole 
and Pyroxene, they are distinguished by the reaction for B. Generally 
the cylindrical disposition of the crystals may be distinguished even in 
the baguettes ; when the crystals are acicular, the glass will have to be 
used. Very fine crystals of Rubellite and Indicolite have been found in 
Maine and Massachusetts. The common varieties are found abundantly 
in the U. S. 

FORMULiB OF TmS CBTSTALS. 
PI VIII. 

cn R 
Mg, 24. 00 P 2. — ^-- -JR; a very frequent form. Mg. 25. 

ooR 
00 P 2. — J7- • -i R above, below -JR. OR; a usual hemimorphio 

m R 
crystal. Fig. 2G. oo P 2. - -y"' R. R 5 above, R below. Itg. 27. 

ooP2. -^' -4R3. R. PI IX. Mg.' 1. ooP2. -—. 

R; a common form. The prisms are often oscillatory combined, so that 

ooR 
the crystal becomes triangular in shape. Mg, 2. oo P 2. '-^' -2 R. 

R above, -2R alone below. Mg. 8, ooP2. R -2R above, OR 

ooR 
below. I^g. 4. ooP2. -y- R. -JR above, -JR. JR below. 

Mg. 6. 00 P2. ^'-.•^' -iK R. ~2R. iR5 above, R. -i R. 
below ; from St Lawrence Co., N. Y. 

Andalnt ite. Si Si. Orthorhombio. 

Syn — Chiastolite, Made, Hohlspath. 

• It crystallizes as a right rhombic prism of 94° 48'. The crystals usually 
affect the form of the prism, sometimes with the faces of the macro- and 
brachydome, PI IX. Itgs, 6-8 ; and sometimes this form is associated 
with the brachydome and a macroprism, Mg. 9. These prisms are easily 
mistaken for the square prism, as their angle varies so slightly from a right 
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angle. A particul.u disposition of Andalusite is called Chi.iatolite or 
Mftcle. Tliis name has Iiowever no coDneotion with tlie crystallographioal 
property known as made. The mineral lias generally been found in black 
schistose rocks. In crystaltizine it frequently envelops them, as we have 
Been that it did under Mica, Thia absorption of the schist is, iiowever, 
made in accordance with a law ; the foreign substancea ai'e reg'nlarly 
placed in the cryataJ, following a law whicli varies from one crystal to 
another and may even vary in the different parts of the same cryataL 
The color of the mineral is a reddish-white aud the sohist is black, so that 
the appearance of the crystal when cut perpendicularly to its greatest axis 
will show the disposition of the mineral and the schiat, Figs, 10-16; at 
the two extremities of the same crystal it is almost always different, Mgs. 
12, 13, 10. These masses are also characterized by the iiiterpenetralion ol 
Hica. They are olten partially decomposed. It has a very easy cleav^e, 
parallel to the prism, which is very marked in the transparent varieties 
from Brazil, but leas so in the opaque ones. It has two other cleavages 
le» easy, parallel to the macro- and brachypinacoid. Fracture, unequaL 
The fracture of the bacillary varieties is granular. It has a vitreous lua- 
tre which is quite apparent in the transparent varieties, but not so much 
BO in the opaque ones. It is often earthy. Transparent, translucent, 
opaque. Color, whitish, rose-red, flesh-red, violet, gray, reddish-browTi, 
olive-green. The transparent varieties have a clear greenish color in one , 
direction; in the other bj transmitted hght it is dark blood-red. It thus 
presents the phenomenon of dicliroism. The compact masses have 
almost always a rosy tinL The starry varieties are whitlsh-gi*ay or some- 
times reddish. Streak, colorless. H,=7.5 in the transparent, and 3.1-8,2 
in the opaque varieties. G.=3.05-3,35. Composition, £1 63.2, Si 36.8. 
The earthy varieties of Audalusite, which are not pure, do not correspond 
perfectly to the formula; they sometimes contain as high as- &-7% of Pe, 
and a small quantity of Oa and Ag, which is sometimes substituted 
for the Si witli which it is isomorpbous. It is this iron that gives the 
greenish\int to the crystals. 

PfT, &c, B, P, Infusible. With cobalt solution, gives a blue 
color (Si). With boras, usually reacts for iron. Not acted on by acids. 

The opaque and stony varieties are found ia the metamorphic rocks 
roughly crystallized. They generally occur in groups of large crystals 
alnjost always covered with, or penetrated by Mica. This structure gives 
an apparently easy cleavage in certain directions. It is also frequently 
found in bacillary masses, composed of fibers placed together either 
parallel, or more rarely somewhat diverging from a common center. It 
may be confounded, when in bacillary masses, with certain red Tourma- 
lines ; tlie form of the crystal, however, ia differenL Tounniiline reacts 
for boracic acid, and Andalusile does not. It can also bp distinguished 
by its maclcs. The Mica, which is almost always found with it, may be 
used as an empirical character. It might also be confounded with some 
varieties of Pyroiene, Wernerile, Spodumene or Feldspar; all of these 
are however fusible. It is found in most of the New ^ugland states and 

FOBJHn.« or TDK CBTSTAL8. 

PI. IX. 

Fig. G. 00 P. OP. fee, /Tj. 7. CoP. foo. OP; the brachy- 
domepredominatbg. j%. 8. The combination i^. G, withPoo, JI3. 9. 
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CX)P, 00 P 2. OP. Poo. 2f 2. Itgs. 10-16. Sections of crystals 
of GhiastoUte, showing the most usual markings. Fig, 12. Section 
from opposite ends of the same crystal. Fig. 13. The same. Fig, 15. 
Apparently a twin crystal Fig. 16 shows the variation of the 
markings in the successive portions of a single crystal. 

Fibrollte, ^\ Si. Monoclinio. 
Snr. — Bucholzite, Sillimanite, Xenoh'te, Monrolite, Baralite, Faserkiesel. 

It crystallizes as an inclined rhombic prism of 90* to 98'. The crystals 
are generally rough, so that the angle cannot be determined exactly. In 
the rough varieties the angles are large. The crystals are generally long, 
slender, sometimes rounded and very much striated, and rarely terminated. 
It has an easy cleavage, parallel to the orthopinacoid. Fracture, uneven. 
Lustre, vitreous. Transparent, translucent, opaque. Color, brown, gray- 
ish-white or green. Streak, colorless. Hl.s=6-7. O. =3.2-3.3. Com- 
position, IX 63.2, Si 36.8. The *1 may be replaced by 2 ^ of Pe or 0.8 ^ 
of fig ; even fl is also present in very small proportions. 

Pyr. dec. B. P. Infusible. Not acted on by acids. 

The crystals are usually found imbedded in Gneiss or Mica Schist. As 
they are fibrous or very highly striated, they might be mistaken for varieties 
of the Amphibole group, but these are fusible while Fibrolite is not. It 
might be mistaken for Cyanite, but this shows fiat crystals which are 
bluish and nearly rectangular, while Fibrolite is fibrous and rhombic in 
form. It is found in Massachusetts, Connecticut, New York and Penn- 
sylvania. 

Cjranlte. £1 Si. Triclinic. 
Stn. — Kyanite, Disthen, Disth^ne, Rhsetizite. 

It crystallizes as a doubly inclined rhombic prism of 97*'4'. Its angles 
are ooPoo A oof 00=106" 16', OP A oo P oo=100"* 60', OP A 
00 f 00=93* 15'. Sometimes it is found in isolated bacillary crystals in 
the rock, which are easily distinguished by the characteristic bluish color. 
These crystals are generally the primitive form alone, or combined with the 
macro- and brachypinacoids and a hemi-clinodome. PI, IX. Figs, 17-20. 
Generally the mineral is found as lamellar masses, or as fibrous crystals joined 
together either parallel to each other or radiating from a common center. 
Hemitropes parallel to the vertical axis occur quite frequently. Fig, 20 The 
color of the masses is generally blue. It has three cleavages ; one very easy 
and the other two less so. The first of these cleavages parallel to the macro- 
pinacoid, which is the one oftenest seen, gives a brilliant surface which is 
polished and has a vitreous lustre. The second, parallel to tlie brachy- 
pinacoid is less brilliant and is less easily produced, but still quite pro- 
nounced ; it is sinooth and brilliant with a vitreous lustre. The third, 
parallel to the base is more difficult, has no lustre and is fibrous. In this 
last cleavage there are so many btriations, as to render the measurement 
of the angles very difficult. Lustre, vitreous or pearly. Transparent, 
translucent or opaque. Color, blue, white, or a combination of white and 
blue, gray, green, black. Streak, colorless. HI.=5-7.25. G. =3.45-3.7. 
Composition, £1 63.2, Si 36.8. Its hardness varies on the different faces. 

Pyr. dec. B. !*• Infusible. The colored varieties become white. 



64 LECTURES ON MINEBAWGT. 

With borax, it gives a colorless transparent bead. Not Bcteil on by Bcidi. 
White varieties are also found and are called Khietizite ; tha blackish and 
jellowiGh colors are generally accidental, and are caused by organic mat- 
ter ur iron. Il cati almost always be recognized by iU crystalline forms, 
and its association with Mica and Quartz, but it is especially characterized 
by its bluish color, whence the name Cyanit*, from Kuatioa, blue. When 
blue and perfectly transparent, it is cut as a gem and used to imitate Sap- 

Ehire. It might sometimes resemble some of the varieties of Ampbibolo, 
ut it can be easily distinguished from it by its infusibility. The colorless 
varieties might be mistaken for Diaspore, but Cyanite does not give off 
water when heated. Short crystals may sometimes resemble Staurolite; 
they differ however, in their terminations and cleavage. It is found 
abundantly in the IJ. 8. White, blue and green varieties are found on 
New York Island. 



PI. IX. 

I^. 17. OP. co'P. OoP'. CcPcd; usual form, but the hose is 

rarely observed. Fig. 18. The preceding, with co P oo. i^. 19. The 

preceding, with 'P,QO. Fig. 20. Twin crystal. 

Topaz. SI Si. ORTnoRBOUBic. 
Btn. — Topas, Topaze, Pycnite, Pyrophysalite, Physalite, 

It crystallizes as a right rhombic prism of 124° 17'. There are three 
types which it usually takes, especi^ly in the bluish varieties. The first 
type is shown in P/. IX. ^gs. 21—23. They frequently however, have a 
much greater number of faces. These crystals appear to be rectangular, 
the angle between the brachydome being 92° 42'. In the yellow or slightly 
colored varieties which are found in Saxony, the faces of the brachydome 
are generally greatly developed, and replace the base completely, or 
almost completely, Figs, 24, 25. The latt type is that of the orange 
varieties from Brazil, in which the octahedron replaces the base, PI. X. 
fig. 2. Cleavage very easy, parallel to the base. On account of the 
cleavage it is rare to find perfect crystals. Fracture, conchoidal or uneven. 
Lustre, vitreous, bright but unequal on the different faces. The vertical 
facea are generally striated and dull. Transparent, translucent, opaque. 
Color, blue, green, yellow, orange-yellow, red and colorless. The colors 
viiy with the locality and crystalline form, and appear to be generally 
owing to organic substances. Streak, colorless. I1,=S. G,=3. 4-3.65. 
Composition, Si 15.17, AI 29.58, 84.6T, Fl 28.58; one-fiOh of the 
oxygen of Si ia replaced by PI. 

Pyr. itc, B. P. Infusible. The yellow varieties when heated 
take a pink or red color, and are then known as burnt Topaz. If the 
heating is continued, it becomes colorless. Partially attacked by S. 

Nebular masses are ollen distinguished in Topaz. On examining them 
with a glass they are found to be made up of very small cavities, which 
are often quite regular and ^eem to have the shape of a crystal of Topaz. 
These cavities usually contain a drop of liquid, which generally shows a 
little bubble of gas. The^ cavities have been found large enough to 
admit of the chemical examination of the liquid, which was found to be 
one of the hydrocarbons. This liquid is extraordinarily volatile. If the 
crystal is heated to 20° or 30° G. the liquid is volatilized, which, with the 
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change of color, would appear to show that the mineral was formed at a 
low temperature. In the very rare cases in which it has been possible 
to examine it, it has been found to be a hydrocarbon which must have 
been liquified under an enormous pressure. In the colored varieties of 
Topaz the color in not only variable, but the shades of color are oilen 
arranged in zones which are sometimes concentric. In some of the 
streams of Brazil, pebbles of Topaz which are perfectly colorless are 
found. These varieties are often called Water Drops. Their hardneai 
might cause them to be confounded with Quartz or Beryl, but their 
density is quite different That of Topaz is 3.5, while that of Quartz and 
Beryl is about 2.5. The cleavage is also different, being very easy in 
the direction of the base, which would easily distinguish it from Quartz. 
The varieties called Water Drops (gouttes d^eau) are frequently used to 
imitate the Diamond ; they have very much less fire and possess double 
refraction, while the Diamond is only simple. The earthy variety of 
Topaz is known under the name of Pycnite. It is found in a rock associa- 
ted with Mica. The general appearance of this rock is usually very char- 
acteristic. The Mica is almost always of a dark color, and the Topaz is 
in baguettes placed together in parallel lines and separated by Mica. These 
baguettes can thus be very easily separated the one from the other by a 
stroke of the hammer, and show the peculiar cleavage of Topaz. The 
color of this variety is always yellow and shghtly greenish, and is not 
liable to be mistaken for anything else. In Sweden, large crvstals of 
earthy Topaz have been found analogous to Beryl. These varieties are 
called Pyrophysalite. The difference in the ease of cleavage and in 
density will readily distinguish them. It is eai^ily distinguished froin 
other minerals which it resembles by the great ease and brilliancy of its 
cleavage. It is found in the U. S., at Trumbull, Ct, in N. Carolina and in 
Utah. 

FORMULAE OF THE CRYSTALS. 
P/. IX. 

Mg. 21. ooP. oof 2. OP. 2 f oo. fP. tP2; from Saxony. 
Fig, 22. c»P. oof 2. oof 3. OP. 2 f oo. 4foo. fP. Mg. 23. 
00 P. oof 2. OP. fP. P. 2 P. IHg. 24. ooP. oof 2. 
2 f 00. P. Mg. 25. The preceding, with OP. Pi: X. Fig. 1. oo P. 
oof 2. P. JP2. 2f 00. Fig. 2. ooP. oof 2. P; from Brazil 
Fig. 3. ooP. oof2. ocf oo. OP. P. fP. |f2. 4foo. 
fPoo. 

Eudaf e. (t S' +| ^e'+| XI) Si Monoolinio. 

Syn.— Euklas. 

It crystallizes as an inclined rhombic prism of 115*. Its ordinary form, 
is the prism with clino- and orthopinacoids ; the prism is generally termina- 
ted by a clinopyramid which is very much inclined, so that the crystal is ter- 
minated by two very sharp points, PI. X. Figs. 4,5. The crystals are also* 
often striated in the direction of their length. It has a very easy cleavage 
parallel to the clinopinacoid ; on account of the great ease with which thia. 
cleavage is produced, it is very difficult to find perfect crystals. Fracture^. 
conchoidaL Lustre, vitreous and somewhat pearly on the cleavage faees.. 
It is always transparent Color, greenish-blue,- yellow and colorless; thsi 
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coloi is not alsrays Ihe game at the two extremities of the crystal. Streak, 
colorless. Very brittle. H.^i.S. «.=3.0Da. Composition, fie 17,4, 
i£t 35.3, Si 41.1, B C.2. i'\ is present in variable proportions. It appears 
to replace the oxygen, so tliat it ia impossible to refer this mineral lo any 
very well-defined formula. Otherwise it very much resembles ihe com- 
position of Phenacile. 

Pyp. Ac, B. P, Id a oloaed tube yields water; fuses, with intum' 
esoenee, at 2. Not acted on by ocids. 

The gangue of Euclase appears to be massive Hematite, but it is rarely 
found in place. As jet it has only been found in Brazil in the some locsli- 
tieg ns Diamond. It is sometimes used by Jewelers od account of its very 
great lustre. It is too brittle howerer, to be much used as an 
It is a Tery rare mineral and has only been found in the Urals ai 



PIX. 
Mff. i. coP. a;P2. osPoo. catoo. iPf Poo. -P2. 

-P. i%. 5. The same crystal in a diiTercnl posidon, 

DHtollte. (Ob', Q*, B) Si. Moxoclinic. 
8yn.— Datholite, Botryolite, Humboldtite. 

It crystallizes in an inclined rhombic prism of 115° 3'. It is very near a 
right rhombic prism however, the angle between the base and the prism bein if 
90' 5' only. Its ordinary crystalline Forms are shown in PI. X l^gi. 6-8. 
The faces are generally striated in the direction of their length. Clea- 
vage easy, parallel to the base. The fracture of Datolite is conchuidal and 
BQiooth, and at the same time lamellar and scaly. On the lamellar frac- 
ture tlie lustre is very vitreous and bright, and sometimes even pearly. 
The crystals often show mirrors. Go the cunchoida! fracture the lustre is 
generally resinous, but is somelimea also vitreous and bright. Tronspar- 
ent, translucent, opaque. On the natural faces the lustre is vitreous and 
very bright. Color, slightlv green or white, grayish, yellow andamethyst- 
ine. Streak, white. Brittle, Hv=5-5.5. G,=2.8-3. Composition, 
Oa 35-0, fl S.6, B 21.9, Si 37.5. 

PjT, Sec, B,' P. In the f^ame witliout the aid of a blowpipe, the 
transparent varieties become opaque, friable and lose water. Fuses, 
with intumescence, at 2 lo a clear bead, which colors the flame green on 
acODunC of B ; this is especially apparent with bisulphate of potash or 
Fluorile. Gelatinizes with acids. 

A mineral, the composition of which is almost the same as Datolite and 
which has been called Botryolite, is usually placed with Datolite. It is 
not crystallized, but ia found in little spheroidal concretions. The white 
compact variety ia fouud at Lake Superior associated wiih Copper. It 
was formerly found in great abundance at Bergen Hill, N, J. ' ' 






a mada the mineral 



it Lake Superior. Until these discoveries 
was exceedingly rare, 

rORKDLA or TDK CBTSTALB, 

PI. X. 
i^. 6. ooP. oof2. OP. 2P, -2P00. 2Poo. -21*2. 
Fig. 7. ooP. ooPoo. OP. -4P. 2P. JP. }P. -2Pt». 
|Poo. 2PcB. 4P00. fV- 8. ooP. ooPoa OP. j P. P. J P. 
2P. -4P. -eP2. -2P00. -flPoo. -^P3. 2P00. 4P00. 
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Titanlte. (Ca+I*!) Si UmooLmto. 
Snt. — Sphene, Greenovite, Spinlhare, Semeline, Caalellite, Lederite,Pi[:tite, 

ItcrystAUixea in an iaclined rhombic prism of 113*31'. The lighl- 
eoloreil varieLiea have generally Iwo types, PI. X. I^ga. 9, 10. The 
ciyatals are often very flat in the direction of tlie vertical axis. Tliese 
crystals are usually very small and detached, and their color may vary 
from white to hrown. The central part of the crystal is usually of ft 
clearer color than the rest. Other varieties, usually of a honey-yellow 
color, aro generally lengthened in the direction of the orthodiagonal and 
have fewer modifications, f\g. 14. The acute angles are usnally of 
darker color than the rest of the crystal. This form is susceptible of a 
Tery remarkable made rxound the face of the ortliopinncoid giving rise 
to a very deep reentrant angle which is characteristic of this variety. A 
twin by interpene (ration also occurs frequently, Fig. 15. The color of ' 
this variety is mixed and variable. The varieties which are of a da:^ ' 
maroon-brown have a type, -fV. 11, which is very different from the pre- 
ceding;. They are usually Rattened crystals disscminaied in a mass of 
Quartz, Scapolite or other minerals. This form sometimes becomes a 
flattened oct^edron. This variety of Titanite might be confounded with' 
Zircon or Garnet, The rose varieties are called Greenovite and have a 
much mora reeinous lustre, Fig, 12. The color is somewhat inclined to 
violet. It is found in lamolte and its color is owing to manganese. This 
variety is quite rare and is only found in manganese mines, oilen associated 
with violet Epidote and other oxides of manganese. The crystals of Tita- 
nite are often hemimorphic. It has a cleavage more or less easy, parallel to 
the prism and another less so paiallel to the orthcpinacoid. Fracture, 
imperfectly conchoidal or uneven. Lustre, resinous and sometimes very 
bright, almost adamantine, except in the rose variety which is only resin- 
ous. Transparent, translucent, opaque. Color, nearly while, black, 
greenish-yellow, orange-yellow, and all the shades of green and brown, 
maroon and rose. StieiJi, white, reddish in Greenovite. II,=5-G.6. 
0.=3.4-3.56. Oomposition, Oa 21-28. Ti 33-13, 8i 30-35. The rela- 
tion of the fi, B and Si is 1 : 2 t 2. It will bo seen that the K-|-H=H, or 
that the formula might bo written Vl Si. The relation would then be 3 : 2. 
The Oa mny be replaced by fig or ^e. 

Pyr. Ace. B, P. The transparent varieties are fiisible wkh difBr 
culty ■ the dark colored ones change color, becoming yellow, and fuse li 
3, with intumescence. Gives reactions forTi. Decomposed b^S and HOI. 

It is someUmea found in brown crystalline masses which show an 

Sparently rhombohedral cleavage. Titanite occurs in Syenite, Gneiss, 
ica. Slates and limestones and sometimes in volcanic rocks associated 
with Pyroxene, Hornblende and Nephelite. It is found in very large 
crystals at Natural Bridge and elsewhere in New Tork. Also in Maine, 
Massachusetts, New Jersey and Pennsylvania. 

FORMULA or TBI CIITSTA'LS, . 

P7,X. 
Fig. 0. ccP. CD Poo. 2 P. Poo. -5Po3; form of Spinthero. 
lig. 10. OoP. CoPoo. 2P, OP; form of fiemeline, J^. 11. 2P. 
OP. coPos, Fig. 12, 2P. -2P. -4 P. ^ P oo ; Greenovite. Fig. l^. 
ooP. osPoD. OP. 2P. -2P; Lederite. F^. li. ooP. Pta 
i P CO. P ; a very iteqaent foim. i%. 15. Twin oryatal by iuterpene- 
tration parallel to P. 



I 
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Stanrolltc. {i(J S+f Sig+i *'e)'+t Si)* Si'. OnTuoiinonBio. 

St», — Staurotide. 

It ciysUllisea ts a right rliomWc priara '^f 129° 20' ; the cryatala are 
sometimes simple, 1*1. X. Figs. 1()-18. It is more frequency niaoled 
ill the shape of a greek or St. Andrew's cross, Mg. IS, 20, and PL XI. 
Mga. 1, 2. When they are at right angles, the f rystals are placed together 
by the faces j P oo, sa that the faces of the brachypinacoid are almost at 
right angles witk each other' this is the most frequent form, J^g. 20. 
When the macle ia inclined, the asea intersect at an oblique angle, S'ig. 
19 and Pi. XI. Fig. 2. Even the cirstals which appear simple, are 
usually macled, as shown in I'ig. 3. It has a cleavage parallel to the 
brachypinacoid. Its fracture is conchoidal and unequal, sometimes 
lamellar when the cleavage is distinct. Lustre, vitreous, resinous when 
not altered, otherwise earthy. Translucent, opaque. Color, dark reddish- 
hrown, brownish-black or yellowish-brown. Streak, colorless or grayish. 
It fihowa a remarkable dichroinm. The brown transparent varieties 
appear blood-red by transrailted light. II.=7-r.5. ©.=3.4-3.8. Com- 
position, H 1.7, Hg 2 5, fe 15.8, SI 61.7, Si 28.3. A variety from Swe- 
den shows ll.ijl ^ of Hn. 

PjT. &C. B. I". Infusible. The dark varieties become fritted 
in the R. F. and sometimes give a magnetic globule. The manganesian 
varieties fuse easily to a magnetic maaa. With boras, the reactions for 
iron are shown. Insoluble in acids. 

It ia frequently found aa.?ociated with Cyanite. At St. Gothard the two 
minerals are almost always found together. It is usually easily distin- 
guished by its color, form, and association with Cyanite, It is found 
abundantly in the U. S. 

F^. 10. 00 r. coPcD. OP; primitive form. JIj, 17. Tlie prece- 
ding, wilhPo3. Fiff. 18. The same, but with oofoo predominating. 
Fig. 10. Oblique twin crystal. 11^. 20. Twin crystal ; composition- 
face ff'oo. PI. XI. Fig. 1. The same as the preceding. Fig. 2. 
Oblique twin crystal. Fiff. 3. Section of a crystal showing the Btria- 



B SILICATES. 

I. Bisilicates. 
Pectolite Group. 

PeCtOllte. , (i n+i Sa+i Ca) Si, MoHOOLINia 

Sth.— Pcktolith. 

' It cryataHizes ra an inclined rhombic prisra, and ia isomorphous with 
VTollastonite. Distinct crystals are rarely found. It is almost always in 
cohimnar or'fibrous mnsaea, which are divergent. The fibers are some- 
times 5-G c. m. in length, and are ollen in very sharp crystals easily de- 
tached. It has an easy cleavage parallel to llio orthopmacoid. Lustre, 
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Titreous or silky. Transparent, opaque. Color, white, gray, or brown 
when altered. Streak, colorless. Tougli. H.=5. «.=2.68-2.78. 
Composition, fi 2.7, Sa 9.3. Oa 33.8, Si 54.2. 

Pyr. dee, B, P, In a closed tube yields water. Fuses at 2 to a 
white enamel. Gelatinizes with acids. Sometimes phosphoresces. 

It IS generally found in trap rock, in cavities and thin seams. A white, 
compact variety is found at Lake Superior. It resembles Tremolite, but 
is distinguished by gelatinizing with acids. It can be distinguished from 
Natrolite by its mode of occurrence. The compact varieties reseiitble 
Wollastonite.; the presence of ^a, 'M and U distinguishes it. It has been 
found in beautiful radiated masses at Bergen Hill, N. J. 

Laumontlte. (i Ca'+} Si) Si'+3 £[. MoNOCLiNia 

Syn. — Laumonite. 

It crystallizes as an inclined rhombic prism of 86* 16*. It has a clea- 
vage parallel to the cUnopinacoid and another parallel to the prism. 
The usual forms are given in PI, XI. Itgs, 4, 5, 6. The 
crystals are rarely complete; they are generally broken, or simply 
haffuettes without definite form. Fracture, uneven. Lustre, vitreous, or 
pearly. Transparent, translucent, opaque. Becomes opaque from loss of 
water. Color, white, somewhat red or yellow. Streak, colorless. All of 
its external characters are however variable as the mineral is generally 
more or less decomposed by loss of water. H. =3.5-4. 0« =2.25-2.36. 
Composition, Ca 11.9, 3kl 21.9, Si 50.9, S 15 3. The fl mav vary. It is 
always lost by exposure to the air, so that the substance falls to pieces and 
can only be preserved under water or coated with gum. 

P}'r, &c, B. P. Swells and melts at 2.7-3 to a white enamel. 
Gelatinizes with acids. 

It is usually found associated with Calcite and Quartz. It occurs at 
Bergen Hill, N. J., and is found abundantly at Lake Superior and 
elsewhere. 

FORMULA OF THE CRYSTALS. 

PL XL 
Mg, 4. 00 P. 2 P 00 ; the most usual form. Fig, 6. oo P. ooPoo. 
2Poo. 6Poo. -2Poo. -P. Fig. 6. ooP. ooPoo. 2Poo. QP. 
P. -P. 

Diopiase Grovp. 

DIoptase, Ou Si+1^. Qexagonjul. 

Syn. — Achirite. 

The primitive form is a rhombohedron of 120* 24', but It is found as an 
hexagonal prism terminated by one or more rhombohedra, PI XI. 
Figs. 7, 8. It has an easy cleavage parallel to the rhombohedron, 
Fracture, conchoidal or uneven. Lustre, vitreous. Color, emerald-green, 
which is sometimes bluish. Streak, green. II.=5. G. =3.278-3.48. 
Composition, Cu 50.4, Si 38.2, fl 11.4. 

Pyr. Ac. B. P. Decrepitates, loses water, becomes blackened 
and gives a half-melted scoria. In the R. F. with Soda, gives a globule of 
copper. Soluble in ammonia. Gelatinizes with acids. 
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On iciMunt of its color it might be mistaken for Emerald ; it 19 lie 
eteily distinguLshed by its hnrdnesa and blowpipe reactions. 
It is found in tlic Steppea of Siberia and is a very rare mineniL 



PI. XT. 
?%f. 7. OoP2, — 2R; tlie most usual form. rig. 6. OoP2. 
— V It V' — 2 R J ; the lost two forma are liemi-acalenohedraL 

CliiTfloaollB. Cu Si+2 S. 



It ia amorphous and haa a composition -varying around tbo fonnnlB. 
Practure, amooth and conclioidal. Lustre, resinous, vitreous, shining, 
earthy. Translucent, opaque. Color, bluish-green, sky-blue or turquoiae- 
blue; sometimes brown or black, -when impure. Streak, when pure, 
white, H.=2-4. G.=2-2.38. Composition, Cu 45.3, fi 20.5, Si 34.2. 

PjT. dco, B, P. In n closed tube, blackens and gives off water, 
Decrepitates and colors the flame ^een, but is infusible. 'With fluxes, re- 
acts For copper. Soluble in acids without gelatinizing. 

The resinous fiacture makes it resemble the resinous varieties of Quarts 
and Feldspar, but these substances rarely have blue colors. Chrysocolla ia 
distinguished from them by being soluble in acids, and many varieties 
even in ammonia, giving the characteristic colors of copper. The blow- 
pipe also shows copper. It is sometimes found in large massesi wiih other 
ores, especially in the upper parts of veins, but it is rarely rich in copper ; 
when pure it oontains about 30^ and is a valuable ore of copper. 

II. Uni silicates. 

Calamine Qroup. 

CalBmlne. Za' Si-t-Q. Ortsobuomiiic.. 



I 



It crystallizes as a rig-ht rhombic prism of 104° 13', with an easy 
cleavage parallel to the prism, and a less easy one parallel to tba base. 
The simple crystals are usually short and thick, and show a great want of 
symmetry, PL XI. JT3*. 0-17. It is quite easy to distinguish Cala- 
mine from WiDemite, because the tBrrainal modifications are arranged by 
2 and 4 and not by 3 and G. It ia usually hemimorphic. Crystals which 
are thin, parallel to the brachypinacoid ore also found, which sometimes 
become real lamellee, having n silky lustre and filled with little open 
spaces in every direction, Fig, 11. Twin crystals, Joined together on 
the base also occur. Fig. 18. Fracture, sometimes lamellar, sometimes 
uneven or eonchoidal. The transparent crystals have uaualiy a vitreous 
lustre, which is sometimes adamantine. On the base it is pearly. Some- 
times, on account of impure reflection:^ it appears silky. Transparent, 
translucent, opaque, 'When crystnllixed, it is almost always colorless and 
transparent. When concretionary, it is yellow, and sometimea blue or 
green wlien mixed with salts of copper. Streak, white. When heated, 
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it become!! electric, which guTo it the name of Electric Calamine. lis 
forma are liemihcdra]. with inctlDcd faces, an is usual with cryatali; which 
become electric. lI.=4.5-5. 0.=3.16-3,9. Composition, 2n SjA 
fi 7.5, Si 25. 

Pjrr. &C. B. P. Heaterl in B tube, decrepitates and gives off water 
uid becomeR milky-white. Fuses lit 6. Gives it green color with nitrrta 
of cobalL With soda on Ch., a coating is formed, which ia yellow while 
hot and wliite when cold. Qelatlnizea with acid^i. 

It ii foQiid B» crystalline incrustations and also concretionary in littlo | 
mamelons covered with crystals, showing concentric bands of different I 
colors. The fracture of these masfes is fibrous which distingnishes them 
firom the carbonate (Smithsbnite), which is scaly. It it found compact and is 
then distinguished from the carbonate by its hardness. Its fracture is rough. 
Its color ix then whitish, sometimes yellow or brown when it is impure, 
and it is flUed with cavities which contain cryntals of Calamine, Wiitemite 
or SmithsoniCo. It ia sometimes called Electric Calamine. The name 
Calamine is sometimes wrongly given to carbonate of zinc, which 18 
SmiLh^onite. It was changed for no good reaxoTi and tends to create 
confusion. It is, however, the industrial name in many districts and it is 
frequently impo^ible to know witliout trial what the ore is, though the 
distinction Electric Calamine for the silicate and simply Calamiae for the 
carbonate is made. 

The lamellar variety resembles Btilbite. Ila want of fiisibility. gelatini- 
Eing with acids, and the coat given off before the blowpipe distinguish it 
It is also electric when heated. It ia sufficient to heat it, and to brJDK it 
near a li^lit body to show its repelling action. It is easily dietiRguisEed 
from Smilhsonite by its action with acids ; by its infusibltity, from ores of 
lead ; and from certain Chalcedonies which, it resembles, by its inferior 
hardnc.<a*and gelatinizing with acids. Calamine is a valuable ore of zinc 
It ia fbur.d abundantly in Pennsylvania, Virginia and Missouri. 



PL SI. 

JTj. 9. 00 1 oc. OS P. OP. 3 P CO ; bolow, 2 P 2. ITg. 10. The 
preceding, with 3 P CD. i^. 11. oc f oc. Co P. 3Pqo. too; below, 
2P 2. Fig. 12. oofoi. coP. 3 Pro. P oc. OP; below, 2 P 2. 
JV. 13. 05 Poo. 00 P. Poo. OP; below, 2f' 2. Fig. U. oo ¥eo. 
ccP. Pon. aPoo. Pec; below, 2 P2 and Pco, Jiff. 15. ooPoo. 
cofco. COP. 3 Pa. 3fo3, Pco. Poo. OP; below, 3P 2, 
Fig. Ifl. The preceding, with 2^2, 2P2 and 4P4 above. FJg. 17. 
OoPoc. wPco. coP. coP5. 7foo. 2l'2. -tP^; below, 2Pa. 
i*^, 18. Twin crystal ; conrposition-face P. The two orytitala m ' 
joined together by the lowi 



Prclinfto. (t fl"+| Ca+S Xl)' Si', ORTaosnOMBio. 

Sym. — Koupholite, Chrysolita du Cap, 

It crystallizes ii] the right rhombic prism of 99' 66', with an easy olear- 
age parallel to the base, which is perhaps less a cleavage than a tendency 
of cuinposito crystals to separate, as the apparently simple crystals ars 
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often made up of others. It is Bometimea found as Gimple crystals, PI. XI. 
Flgt. 10. 20, which are usually very small, only slightly colored and which 
might be mistaken for Gypsum, but they are very much harder. This 
variety which is called Koupholite, is usually associated with Asbestus and 
Epidote, Another form resembles Barite, but is diatingoifhed with a little 
ftCteoCion, as all ita characters are different The simple forms of 
Prehnite, I'^e. 19-22, are rare; it is almost always found in complex 
crystals. Soraelimes single crystals are placed together by their ba^es, 
but not exactly parallel the one to the other, so that while the prismatic 
faces are straight the bases are curved. At otlier times the ct7stals are 
fan-shaped, placed together parallel to the brachrpinacoid. Very large 
masses are sometimes formed in this way. It is also found in momelona- 
ted masses showing the ends of crystals. The fracture of these masses js 
fibrous and diverging. They are easily recognized by their ^eenish color, 
their semi-traiispareticy and their resinous appearance. Fracture, unequal, 
often hbrous, sometimes ecsty. It has a vitreous lustre, which is often 
resinous; pearly on the base. Transparent, translucent. Color, yellow- 
ifih-greeo passing to white or gray, often faded from exposure. Etreak, 
colorless. Pyroeleolric. H.=6-6.5. G.=2.8-2.95. Composition, Ca 
27.1, fi 4.4 Si 24.9, Si 43.6. 

Pf '• A:c, B, P. In a closed tube, gives off water and becomes 
white. Fuses at 2, with intumescence, to a blebby glass. Some varieties 
blacken and give an organic odor. With acids, it is decomposed without 
gelatinizing. 

It is usually found with the Zeolites, but does not belong to that &mi- 
1y. It sometimes resembles Beryl, green Quartz and Chalcedony. It is 
distinguished by its fusibility and solubility. It is much harder than any 
of the Zeolite family. It is sometimes polished and used for ornamental 
work and is found in many localities of the U. S. 
Toman^ aw thk crtbtaui. 
KXL 

fig. IS. OP. CO P. f Iff. 20. OP. CO Poo. ceP. Fig. 21. a> P. 
OP. oofoo. 3Pco. ly. 22. coP. OP. ooPca P. fPoi. 
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{fia', S"a')' Si'+2 (»1, Pe)' Si'+6 B 



er crystallized, but is found in radiated, globular masses, 
:i a gangue of sandstone, but generally detached fi'om it in 
the sand. Fracture, uneven. Lustre, vitreous or pearly. Opaque. 
Color, light bluish-gruen, showing diSerent shades in riogs. Slightly 
chatoyant on the fracture. H, =5.5-6. G,=3.18. Composition, 
Sa 5.2, Ca 18.7, Pe 6.4, £1 24,6, fii 37.G, B 7.5. 

Pyr. Ac, B, P. In a closed lube, gives off water and becomes 
whito. Fuses easily, with intumescence, to a grayish glass. Reacts with 
fJuxes for iron and alumina. Soluble in acids, with separation of floccu- 
lent silica. 

It is found only on the shores of Lake Superior. 

ApophyUite Group. 
ApophyllUe. (^ S+i(l £ +! On))' Si+fl 3i. Tetbaconal. 

Sv.v, — Ichthyopthalmite, Albine. . 
It occurs in several different types of crystals, PI. XI. I^». 23-25 
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and PI XII. Figs. 1-6. The prism of the Hecond order, with or with- 
out the octahedron of the first order, and the hase, PI, XI. Mgs. 23, 24, 
is found. This form is sometimes so much flattened as to resemble a cube, 
but the vertical faces are always striated and the base pearly. The prism 
is oflen surmounted by the octahedron of the first order, which has a 
vitreous lustre, while the prism is striated and curved, Fig. 25 and 
PL XII. Figs. 1, 2. Sometimes the octahedron alone is found, Fig. 3. 
These crystals are usually more or less broken, on account of the cleavage, 
and show the usual pearly lustre of the base. The next variety is very 
much flattened, the base predominating, Fig. 4 ; or the octahedron has 
almost obliterated the faces of the prism, Fig. 5. These forms might be 
mistaken for Barite, but the cleavage will distinguish it It has a very 
easy cleavage parallel to the base, and a less distinct one parallel to the 
prism. Lustre, pearly on the base and on the cleavage parallel to it ; on the 
other faces it is vitreous. It is almost always transparent, or at least 
translucent It sometimes has an earthy appearance, owing to com- 
mencement of decomposition. Oflen colorless, sometimes slightly yel- 
lowish, greenish, bluish or flesh-red. In the Hartz Mts. and in India, 
a rose variety is found, which is very much esteemed. At Bergen Hill, 
!N. J., large white and transparent crystals were found. A white, opaque 
variety from Bohemia is called Albine, Fig. 2. The translucent, lamoUar 
varieties having the lustre of a fish*s eye are called Icthyopthalmite. 
Streak, colorless. H.=4.5-5. 0.=2.3-2.4. Composition, ^ 16.7, 
1 4.8, Ca 23, Si 65.5. 

Pjnr. &c. B. P. In a closed tube, it exfoliates^ loses water 
which is acid, and becomes white. Fuses at 1.5, giving at first a blebby 
glass, but afterwards a vitreous globule. Reacts for fluorine. Soluble in 
acids, giving slimy silica. 

It is also frequently found in imperfectly crystalline, lamellar masses, 
made up of a large number of crystals wedged together, thus making a 
very fragile mass. These varieties usually have an earthy aspect ; they 
are whitish or bluish and sometimes rosy. This opacity is owing to com- 
mencement of decomposition, the mineral having lost part of its water. 
It is easily distinguished by its lustre, cleavage and hardness. It might be 
mistaken for Barite or Celestite, but the hardness and peculiar lustre, 
density and action of acids distinguish it Very large crystals have been 
found at Bergen Hill, N. J. Some of these have been wtered to Pecto- 
lite. 

FORMULA OF THE CRYSTALS. 

PL XL 
Fig. 23. ooP 00. OP. Fig. 24. ooPoo. P. OP. Fig. 26. 
ooPoo. P. PI XIL Fig. I. ooPoo. ooP2. P. Fig. 2. P. 
ooPoo. OP. Fig. 3. P. Fig. 4. OP. ooPoo. P. Fig. 6. The 
preceding, with P further developed. 

ZEOLITE SECTION. 

A certain number of the hydrous silicates, which generally contain 
for lEt the alkalies and Ca, and for S, ^\, have been placed together and 
called the Zeolite Group. The greater part of them have a composition 
which is almost identical. They are however distinct in crystalline form 
and present sufficient variation in the chemical composition to be regard- 
ed as species and not as varieties. They are all, or nearly all, found 
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luder the «aine ciromnstances and many of them together, and even 
associated on the same specimen. Their physical characters are also 
freqnenUy very mnch alike. To be able to deternune all of them requires 

Sractice. They can generally, however, be distinguished by their crystal- 
ne form and by a few tests. They are usually found in the amygdaloidal 
rocks. These are- rocks of volcanic origin, having a lar^e number of 
bases in their composition) and are fiU^ with cavities m which the 
Zeolites are found linings the sides. They also occur in veins, serving as 
the vein-rock for metallic minerals. The formation of these Zeolites is 
posterior to the formation of the rock, which contains them. They owe 
their formation probably to the infiltration of water charged with silica, 
in which the dirorent bases were dissolved. These waters were probably 
under great pressure or at a high temperature and, finding cavities where 
they could pienetrate, deposited crystals of the different Zeolites, accordingly 
' as one base or the other was present in the right proportion. Some of 
them have been artificially formed. Wohler has reproduced some by 
keeping water, charged with the powder of the mineral, for a long time 
at a temperature of 200"* 0. At PlombiSres, Daubry found the Zeolites in 
the very act of formation. The Romans were in the habit of using the 
thermal springs that are found there and had constructed different • works 
of art for their use and preservation. The masonry, like all that of this 
epoch, was- made of concrete and of bricks, and the waters of these thermal 
springs contain silica. The works of the Romand are now abandoned, 
but the water still flows through them to a certain extent and deposits 
Zeolites on the sides and in the cavities. It is remarkable that the 
minerals differ in their composition, according to the part of the masonry 
where they are deposited. Thus in the concrete, Apophj^llite, which 
contains Oa, is always found. In the bricks, however, it is Stilbite 
which forms, as this contains principally £1. The group of the Zeolites 
contains a large number of species ; some of them are very rare, and 
otheiiB are not very well defined and may be only varieties of the species. 
We shall therefore not mention oil of them but only such as are well 
■ .d«€ned and are most generally found. 

<•> I. Unisilicates. 
Watrollte. l^a £1, 3 Si, 2 £[. OBtHORHouBia 

Syn. — ^Natrolith, Spreustein, Natron-Mesotype. 

It crystallizes in a right rhombic prism of 01*, and has a cleavage 
parallel to the prism. It is almost always crystallized. Its usual form is 
the prism surmounted by the octahedron, .PL XII. Mgs. 6, 7. This 
octahedron is easily distinguished frpm that of Apophyllite, as it is very 
much flatter. It is rarely ever found in large crystals ; they are generally 
acicular. It is usually found in the Phonolites and AmygdaloicU, and at 
Bergen Hill, in Greenstone. It may be associated with Fluorite, Calcite 
and Wavellite. Its fracture is conchoidal and uneven ; sometimes fibrous, 
in which ca»e the crystals are placed together in Uie direction of their 
length. Transparent, translucent Its lustre is vitreous, sometimes 
pearly in the fibrous varieties. Coloi^, white or coloriess, sometimes red- 
dish, grayish or yellowish. Streak, colorless. H* =5-5.5. 0.=2.17- 
2.25. Composition, ila. 16.3, SI 27, Si 47.2, tL 9.5. The oxygen ratio is 
1 : 3 : 6 : 2. The ^a is sometimes associated "With da. 
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. P|T» Jce, B. P» Loses its water at 00* G. and whitens, beooming 
opaque. Fuses at 2 to a colorless glass. It is fusible in the flame of a 
canme. Gklatinizes with acids. . 

Besides the well crystallized Tarieties, it is also found in fibrous masses, 
made up of a la^e number of crystals placed together, and radiating 
fh)m a center, Sk)metimes these radiations show the octahedron, and 
sometimes they are penetrated by crystals, which have formed on tiie 
other side of me rock in the same way. These masses of Natrolite often 
resemble those of Btilbite, but the latter are always lamellar, on account 
of an easy cleavage parallel to the brachypinaooid. As this cleavage is 
not found in Natrolite, the fracture is simply fibrous, and the lustre of 
Natrolite is not so uniformly pearly like that of Stilbite. One of the 
varieties of Natrolite has a very peculiar'color. It is made up of radiated 
fibres, which are generally in the shape of spheres that show concentric 
rings of red, white and yellow. It has been found in fine crystals at 
Bergen Hill, N. J. and in Lake Superior. 

rOBUULJE OF THE GRTBTALS. 

Fl XXL 
JF^. 6. 00 P. P. Fig. 7. ooP. oofoo. P. 

n. Bisilicates. 
Analelte. JTa, %1, 4 Si, 2 ]Q[. Isomktrio. 

8yv. — ^Analcime, Analzim, Kuboit 

It crystallizes in the isometric system, with traces of cleavage parallel to 
the faces of the cube. It is found in two different associations. In lav«s 
and veins it occurs as the tetragonal trisoctahedron 2 02, Fl, XII. JFlg. 8. 
The crystals are usually quite small, brilliant and transparent, with a 
decidedly vitreous lustre. In veins and in amygdaloidal rocks it has the 
same form, but the crystals are much larger, milk<whito and opalescent or 
rosy. They are usually opaque, though sometimes translucent and the 
lustre is much less decided than in the volcanic variety. In modem lavas 
the cube predominates and the angles are only truncated with the 
tetragonal trisoctahedron, Fig, 9. These crystals are rarely ever large; 
they are sometimes transparent and Hne the sides of cavities. Its frac- 
ture is conchoidal, unequal and undulated. Lustre, vitreous. Transparent, 
translucent, opaque. It is generally white, often perfectly clear, some- 
times gray, greenish, yellowish or reddish. Streak, white. H. 3=5-5.5 
«.=2.22-2.29. Composition, Sa 14.1, *1 23.3, Si 64.4. fl 8.2. 

Pjrr. dec B» P. Heated in a tube, it loses water and becomes 
opaque. Fuses at 2.5 to a colorless glass. Gelatinizes with acids. 

It is sometimes found compact in red or while masses and is then diffi- 
cult to determine. The form is the same as that of Leucite ; it is easily 
distinguished however by the action of acids and by the blowpipe. From 
Quartz it is distinguished by its hardness ; from Chabazite, by fusing with- 
out intumescence, and by its form. It is found at Bergen Hill, N. J. asso- 
ciated with Natrohle, Stilbite, Apophyllite and Dat(dite; and at Lake 
Superior, associated with Copper. 

FORMULJB OF THE CRTBTALS. 

• Fl XII. 
J^.8. 2 02; characteristic form. jFig.d. ooOoo. 202. 



76 LECTURES ON MINERALOOT. 

CbabRzlte. (i Ga+HS^n, £)), SI, 4 Si, G S. HssAooaAL. 

Sm. — Acadiolite, Hajdeaite, Chabasit, Pliakolitb, Ghabasie. 

It cryatalli^es in rbombohedra oF 94' 46, which very much resemble 
cubes, PI XII. Fig. 10. It has traces nf cleavage parallel lo the facea 
of the rliombobedron. The crystals are often simply rhorabohedra, with- 
out modiGcations and mi^ht be mistaken for cubes as the angle ia 94°, 
but they are easily distinguished by the disposition of the striaiiona. 
Although the crystals are simple, there is a tendency towards modifica- 
tions on the terminal edges, so aa to form a rhombohedron tangent to the 
pi-imitivo form, Fig. 11. This tendency shows itself by striatittnB parallel 
to the terminal edges. If the form was a cube, the slriatjonn would be 
parallel lo all of the edges. The crystals are somelimes twins of two 
primitive rhonjbohedra revolved 180° and interpenetrating, so that the 
edges of one come out of the faces of the other, Figg. )2, 13, 14, 15. 
This form resembles the hexagonal pp'amid, with reentrant angles on 
the base and pyramidal faces. These crystals resemble Calcite some- 
what, hut are distinguished by the blowpipe and action with acids. It 
is always crystallized. The crystals usually line cavities in amygdaloidal 
rocks. Sometimes, as in the variety called Phacolite, the hexagooal 
priam has been observed. The fracture is unequal, but this character is 
not very distinct, as the crystals are usually very small. Lustre, vitreous. 
Color, white, colorless, reddish, yellowish or greeniah. A blood-red 
Tariety is found in Nova Scotia and is called Acadialite. The color is 
owing to the interposition of oxide of iron, which is n mechanical admix- 
ture. Slreak, colorless. H.=4.5, C.=2.08-2.19. Composition, Oa 
4-11, Sa 0-4, & 0.17-2.68, SI 17-21, Si 45-53, B 19-22. Some varieties 
might he mistaken for Fluorite, but are distinguished by the want of cleav- 
age and the action of acids. 

Pyr, &C. B. P, In a closed tube, gives off water. Intumescea 
and fuses to a white spongy glass, which is nearly opaque. With acids, 
gives etimy silica. 

It is found in Massachusetts, ConneotiGut, New York and New Jersey. 
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FORMULA OF ' 

Fig. 10. R;uaualform. I^. 11. R, -}R -2 R. Fig. 12. Twin 
crystal by interpenetration | composition-face P. Fig. 13, Twin crys- 
tal. Fig. 14. Twin crystal, with the combination R. -}R. -2R. 
JE3. 00 P 2. J^. 15. Twin crystal, -^R; form of Phacofite. 
Fig. 16. it Ei; Haydenite. 

narmotomo. Sa, Si, 5 di, 5 S. OitTHORnoMDio. 
Sin. — Morvenite, Kreusstein. 

There are two varieties which differ in their chemical composition. 
Both of these varieties contain ft, but in one the Sa is replaced by Oa. 
The one containing lime is called Phillipsite ; the other, flarmotome. 
These two varieties are also distinct in their cry stall ographic characters. 

It crystallizes in a right rhombic prism of 120° 47', with ea?y cleavages 
parallel to the base and prism. The variety containing Ba is ir detached 
crystals, which are always twins, PI. XII. Ftgi. 17-21. These crystals 
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might be mistaken for Apophyllite, but are dL<«tinguished by the striationa. 
The octahedron is also lests acute than in Apophyllite. When the mineral 
has Oa for a base, the crystals are twinned parallel to the prism, showing 
the characteristic cross. Sometimes the faces of the prism do not exist and 
in others they are very smatll Simple crystals are unknown. Even the 
crystals containing Ba which appear simple are twins, as can be seen hj 
the optical characters and striations, Iig, 17. The made is however as it 
were latent and does not affect the crystalline form. Fracture, coiichoidal 
and uneven. Lustre, vitreous on the exterior faces, but less bright on the 
fracture. Transparent on the edges. Color, white, gray, yellow, red, 
brown or greenisu. It possesses a certain degree of opalescence, which 
is owing to the presence of a certain amount of Si in excess, which is in 
a gelatinous condition. Streak, white. H»=4.5. 0»=2.44-2.45. 
Composition, Ba 23.7, XI 15.9, Si 46.5, ]S 13.9 ; when it contains lime, 
Oa 7.4, XI 20.5, Si 47.9, t 6 3, fl 17.9. 

Pyr. &c» If. !*• Whitens and becomes opaque; exfoliates and 
melts at 3.5 to a white glass. Sometimes phosphoresced. Soluble with 
separation of pulverulent SL This mineral is frequently found with Chaba- 
zite. Its usual localities are Scotland and the Hartz. 

FORMULAS OF THB CRYSTALS. 

PI xn. 

Itg. 17, oof 00. 00 Poo. P. foo. lYg. 18, Twin crystal; com- 
position-face oo P. Fig. 19. Twin crystal by interpenetration. Itg, 20. 
The same. JF^, 21. Horizontal projection of a twin crystal like the 
preceding. 

Stf Ibite. Ca^ XI, 6 Si, 6 £[. ORTnoRHOiiBio 

Syn. — Desmine, Strahlzeolith. • 

It crystallizes as a rhombic prism of 94' 16'. It has an easy cleavage 
parallel to the brachypinacoid and a less easy one parallel to the orthb- 
pinacoid. The usual forms are shown in PL XIL Figs, 22, 23. The 
faces of the prism and octahedron have a feeble and vitreous lustre, while 
that of the brachypinacoid is pearly and very bright The base is some- 
times found on these crystals, but it is very small.. They are not generally 
found detached, but as a large number of crystals attached to one another 
parallel to the brachypinacoid. This face is in this case the most brilliant^ 
the others being striated, rounded and bent. It frequently happens, and 
this is the general case, that the crystals are not placed together exactly 
parallel, but diverging slightly from the center of the crystal, so that it 
looks somewhat fan-shaped. The faces of the brachypinacoid are then 
curved, but still pearly and very briUiant, while the others are striated and 
dull. Fracture, uneven. Lustre vitreous, pearly on the brachypinacoid. 
Color, usually white, but often colored yellow by Ve S, or blood-red by 
^e. This iron is interposed between Uie lamellae of the crystal and is 
not a part of its chemical composition. It is sometimes found of a gray 
color, which is due to organic matter. This color generally affects the 
point of the crystal. Streak, colorless. BI.=3.5-4. 0.= 2.094-2.205. 
Composition, Ca 8.9, XI 16.5, Si 57.4, S 17.2. The hardness is not the 
same on the different faces, it being less on the brachypinacoid than on 
the other. 

Pjnr. &c. B» P, Swells, becomes fan-like and vermicular and 
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melu to a wliite enamel. Soluble iu acids, with seporfttion of pulrenilent 

Besideij tha distinctly crystaJIized varietiee, it is found in mas^ua which 
are spheroidal and made up of a large number of crystab grouped 
together. These masses hafe & radiated, fibrous structure and are at the 
same time lamellar, on account of cleavage parallel to the bracbypinacoid 
which id rery easy. They have a charsctcri«tio pearly lusLre. It ia quite 
rare in these masses not to find a distinct crystal showing the fan-like 
shape. They frequently have a gray, rose or yellow color. It might 
EOmetimes be confounded with Gypsum, but is dtstiDguiahed ftom it by 
its pearly lustre and its hardness. The intensity of its lustre will geaerally 
distinguish it from Apophyllite, which is usually less pearly. It might 
also bo confounded with, one of the oxides of antimony, but a blowpipe 
trial distinguishes it immediately. It Is found in Uassachusetts, Connecti- 
cut, New York, Kew Jersey and Lake Superior. 
roBvnj^s OF tqi: cnT3TAi,s. 
PI XU. 
I^. 22. Qofoo. QoPoa. P. mg. 23. ooPoo. coPoo. cop. 
P. OP. 

Healandlto. Ca, Al, 6 Si, 5 B. UoNOcLisia 
Syx. — Bliitteraeolith, Euieolilh, 

It crystallizes as an inclined rhombic prism of 136" 4'. The ordinary 
forms are given in PI. XII. Figs. 24-28. These cryBtals might at first 
sight be taken for Stilbile, as they, hke it, have a pearly lustre on the 
brachypinacoid and a vitreous lustre on the other faces. It is, however, 
quite 'easy to diatinguish them by Uie form of the face of the brachy- 
pinacoid. That of Slilbite is syomietrical, while that of Heulandile is 
dissymmetrical, as may easily be seen in the figures. It has a very easy 
cleav^e, parallel to the clinopinacoid. This cleavage is easier even than 
that of Stilbile. Fracture, conchoidal or uneven. Lustre on the clino- 

Siacoid, pea[Iy, elsewhere vitreous. Transparent, translucent, opaque. 
lorB, white, gray, yellow and often dark red. H.=3.5-4, G.=2.3. 
Composition, Ca 0.2, il 1^9, gi 59.1, fi 14,8. The composition, with 
the exception of one atom of water, is the same as that of Stilbite. It 
differs from it, however, in its crystaliina form, which is monoclinic 
Prr. Ace. B. P. Acts like Stilbite. 

It is not always easy to appreciate thLi difference of crystalline form, 
nnce the two substances have the same associations and are often found 
together on the same specimen. The alkalies are often associated with 
the Co. 

It is found in Connecticut, Massachusetts, New York, New Jersey, 
Pennsylvania and Maryland. 

woauuuB OF ma CRrSTAi.8. 
PL XIL 
Hg. 24. 00 Poo. CO Poo. Poo. OP. Fig. 25. The preceding form, 
lengthened in the direction of the ortho diagonal. Fig. 26. The combin- 
ation, Fig. 24, with 2P, Fig. 2T. The preceding, with f P. JTy, 28. 
oaPoo. ooPoo. Poo. 2Po:i 2P; usual fonn of the crystals from 
the FassathaL 
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I, lli.i!ilicalGi3. 
7h!c Group. 
Talc. H fig+l fl) Si, OnTHOBOOMnio. 
Sr». — Steatite, SoapBtone, Potstone, Speckstein, Agnlrnatolite, Pagodito. 
It crystallizes iu a right rhombic prism of 130". It is Taund more or 
less crystallized, bat the crystals are never complete ; they are usually 
nothing but iamellce, having generally sa angle near 120 , or lamellar 
masses. These masses show an easy cleavage parallel to the base. Frac- 
ture, uneven. Translucent, opsque. Lustre, srecntine or pearly. Color, 
Seen, while, red, gray. Streak, white, or fighter than color. It is 
■xible but not elastic, which allow? of ita being distinguishetl from Mica. 
Its touch is uncUioua and soapy, on account of the large quaiitity of 
magnesia which it contains. Its powder is even more unctuous than the 
mass. n.=1.15. O.=2.50S-3.a Composition, Big 33.5, Si 62.8,113.7. 
The composition is quite variable. 

Pyr, &C. B. I". It whitens, swells and sometimes decrepitates a 
little, fusing with difficulty on the thin e<^^ It does not give off 
■water like the Micas, except at a very hi^h hwit Witli nitrate of cobalt, 
it gives the characteristic color of magnesia. Not affected by acids. 

In its physJcal characters it resembles tlie Micas, but it differs from 
them in its chemical composition, which, however, is cot always l^.ied. It 
may be referred to a general formula, in which Stg is the B. It rarely 
contains te. It contains water and fiuorine in varying proportions, 
which appear to be essential to its composition. These two substances 
eeeoi to be present as a sort of witness to the circumstances under which 
it was formed. It is sometimes found in lamellar fitters, coating the sides 
of rocks and placed perpendicularly to them. Wlien it is (brnied on the 
sides of narow fissures, Inese HI>erB meet and interlace and otUai twist and 
turn on each other. It is also found in lamellar, schistose masses, wiiich 
are not very pure. It is also found earthy and compact when it is known 
under the name of Steatite. Its tVacture is then compact It attracts the 
tongue, which distinguishes it from the Kaolins and ciays. It is soapy 
to the touch. These varieties are always very impure." Compact and 
earthy Talc often replaces by pseudomorphism a number of mineral 
species. In some places crystals of Quartz have been found completely 
transformed into Talc There is no explanation to this phenomenon. 
Did the Talc fill up a cavity led by the Quartz, or was it suhstituled mole- 
cule for molecule, as Quartx itself has become substituted in organisms? 
These questions have not as yet been answered. This pseudoniorpbism 
appears, liowever, to be intimately oonneolad with the decomposition of 
minerals which the Talc has replaced. A slaty variety ia ' known as 
lalcose scbisL These scliists have a very variable aspect and composition. 
Talc is also found In lamcike, which are generally unctuous and very 
tender. To this variety belongs Pagodite and Agalmatolite, a rock from 
which the Chinese are in the habit of cutting figures. It is possible tliat 
some of the images are arliGcially made, as tne Chinese are most skilled 
masters of falsification. Some of these earthy varieties arc capable of 
supporting heat and are used, as the variety called Soapstone and Potstone, 
for culinary and heating purposes. The powdered mineral is often used 
as a lubricator. It is found abundantly in the U. S. 
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SepioliU Group. 
Seplollte, Ag'Si'+3H. 
Stm. — Meerschaum, L'Ecume de Mor. 
It is never cry stall in ed, but nlwaya found in amorphouo masse?, with a 
conchoidal frciclure, whicli is BOcnetimea granular when it U mixed with 
foreign substaoces. Its fracture ia dull and without lustre, while ita natu- 
ral aurfaces are slightly lustPBua. . Color, white, gray i ah- white, yeilowish 
or reddixh. Opaque. Its natural surfaces arc smooth and unctuous to 
the touch, like all the magnesian compounds. When it is pure, it does not 

Sive an odor when breathed upon and does not attraet the tongue. 
|.=2-2,5. When dry, floats upon water. Composition, fig 27.1, fl 
12.1, Si 00.8. It somelimcs conteins 0, and the proportion of 3 is quite 
rariable. 

Pyr. Ac. B. P. Heated in a tube, it gives off water. It cracka 
and fuses with difBculty on the edges, With nitrate of cobalt, it gives the 
reaction for magnesia. With acids, it sometimes effervesces sligntly, and 
gelaliniies. 

It ii iJOTnctimes found porouK and Eometimea quite compact. It is the 

common meerschaum of commerce. It is found in beds interstratified 

between lime or clay. It ia then often Inuiellar and impure, often 

containing thcae substances. It ia no longer a chemical combination but 

a sort of magma. It ia generally found in Greece or Asia Minor. 

II. Uniailicates. 

Serpentine Orcap. 

Serpentine. (J Sg+l B)' 3i+i fl. OHTHOBHOMBia 

Srif. — Verd antique, Chryaotile, Picrolite, Marmolite, Scliiller Spar, 

Williamsite, Boltimorite. 

Serpentine is found arystallized only aa pseudomorphs afler other mine- 
rals. Fracture, scaly sometimes concholdal. Lustre, resinoua, greasy, 
pearly or earthy. Translucent, in thin splinters ; opaque. It has gene- 
rally a more or less green color, inclining to yellow, but ia sometimes dark- 
er and red. Its color Is BomHtinics homogenous, and sometimes composed 
of many colors blended togetlit-r without order, but sometimes in bands. 
Streak, white and shining, It may bo easily out and worked, and it has 
some appearance of ductility. It Is however tenacious, and resists the 
stroke of the liammer somewhat like Corneine. Its touoii is unctuous, as 
it is principally composed of magnesia. The composition variea •■ 
follows: Si 42-46, flg 36^0, S 12-13, For the formula, fig 4^.»T, 
Si 44.14, B 12.89. Its water appeara to be in pwt hygrometric, for a part 
of it disappears under the air pump. It contains frequently as much as 
r>-2 ^ of organic matter. Its composition ia very variable, but may be 
represented by the formula given above. Its composition ia, however, 
never very well defined, so that it It rather a rock than a mineral. 

Pyr, &C. B. P. Heated in a tube, it gives off water. Fuses on 
the edges, with great difficulty, at 6. With nitrate of cobalt, it gives the 
ohRracteristic rose of magnesia. It ia always somewhat attacked by 
BOids, sometimes even entirely dissolved. 

The highly colored varieties are sometimes called noble Serpentine, and 
are in use as ornaments. Like Talc, it i.4 found in lime.-'tones, and gives a 
peculiar variety of marble, which is much sought for in the arts. With- 
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out being crystallized, it shows traces of oi^stallization. It is supposed 
to crystallize in the orthorhombic system. A brilliant and lamellar sub- 
stance is sometimes found in Serpentine, which is usually referred to 
Diallage; it has, howerer, the same general composition as, and is 
undoubtedly Serpentine. Other fibrous substances are also found in 
Serpentine. They are not very well characterized, but are quite near it 
in composition. Without being, very well defined, they have optical 
characters that bring them near to crystalli:^ substances. Thus, they 
possess dichroism, being yellowish-green in one direction, and red in 
another. These fibrous substances are sometimes found in veins and re- 
semble Asbestus. They are called Chrysotile. Serpentine is found 
abundantly in the U. S. 

IIL Subsilicates. 

Chhriie Chnmp. 

Chlorite. 

Chlorite is the name given to a family of minerals. They are analo- 
gous to Mica and Talc in their exterior characters, and also in the variety 
of their composition. The % is ]&[g and ^fi'e ; thefi, 9e, £1, &. It is more 
than probable that a part of the £[ is associated with the B. 

Proctalorlte. (f (iSlg, J'e)*+f XI) Si+f tL HEXi^ooNAL. 

Syn. — Chlorite. 

It crystallizes in an hexagonal prism and has a very easy cleavage 
parallel to the base, which allows of its being exfoliated, but less easily 
than Mica. The crystals are not very well formed. They are generally 
in hexagonal or triangular lamellae. Generallv it is imperfectly crystallized, 
the lamellsB being fastened to each other on the edges and radiated, so as 
to form a spheroidal mass, a section of which would be fan-shapedl This 
variety is usually called Ripidolite. Its lustre is very bright and sometimes 
almost metallic on the edges. It is also somewhat vitreous. Transparent, 
in thin lamellae ; opaque. Color, green, more or less dark. Some varie- 
ties show a remarkable dichroism. Parallel to the base in the direction 
of the greatest length of the prism, it appears somewhat dark-red and 
even black, while perpendicular to the base it is green. Streak, white or 
greenish. H.=l-2. 0=2.78-2.96. Composition, Stg 15.3, te 27.6, 
Stl 19.7, Si 26.8, fi[ 11.7. Its touch as well as its powder is unctuous, less 
so however than Talc. This difierence is probably owing to the greater 
proportion of water. 

Pjrp. dec. B. P. In a closed tube, gives off water. . Whitens, exfoli- 
ates and fuses, with difficulty, to a grayish-black glass. Decomposed by B. 

Prochlorite is frequently found as a powder covering other minerals, as 
Quartz, Albite and Orthoclase. It is found in lamellar masses, so that it 
almost always has a spathic fVacture. This variety is abundant in many 
localities, and is fi:equently found with Vesuvianite. It is also found in 
compact masses, somewhat analogous to Talc, fi:om which it can be distin- 
guished by the proportion of water. It is also found in little detached' 
plates forming sand, resulting from the weatiieriiig action on rocks which 
contained it These sands, «Qme of them at &ast^ were formed at a« 
geological epoch anterior, to our own« and have sometimes been transport- 
ed considerable distances. It is thus found disseminated in different for- 
mations. It is found abundanilj in the U. S. ^ 
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POTASSIIOH, 

Nitre. i. f}. OBTnOREOMBIC 

SYN.^^altpetre, Kalisalpeter, Potassa nitrat^e. 
The primilive forci is a right rhombic prism of 118° 50', consequently 
it is QUO of tlie limit forms whoso combisatious resemble the Hex- 
agoniil Gystem. CrjEt&ls, when the}' sre Himple, have the forma 
PI. SJILFigs. 1,2,3,4,5. They are frequently hemitrope around the brachy- 
axis. The arystals arc ofien tivins, irhich are cnoatly the union 
of several crystals, attached by the faces of the prism, Pt Xlll. Itg, 8. 
generally the interior is left hollow. Crystals of Nitre, which are 
not hollow must be formed by the double decomposition of S and 
Sa 9 and crystoUized in the same liquid. The crystals obtained 
from solution in pure water are usually twins and nrc made up of 
2, 3, or even 4 crystals. Nitre is dimorplioua ; at a high temperature it 
crystallizes in rhombohedra of 105°30'. Calcite has a rhombohedron of 
105°5' and is isomorphous vith Nitre; Calcite is also dimoiphous 
with the right rhombic prism of 120°, which is isomorphous with Nitre, 
These two minerals are tiiereforo isoniori>hous in theif dimorphism. This , 
property has been called i so dimorphism. Nitre has difficult cleavages 

Earallel to the prisms and to a brachy dome. Its fracture is conchoidal, 
t is usually white and transparent or at least translucent. Its lustre 
is vitreous and its streak white. It is generally found as thin crusts, 
efflorescences op as small crystals. H,=2. G.=1.837, The composi- 
Uon of Nitre is i. 18.6, fi 53.64. , 

Pyr. &e. Deflagrates on Ch. colors the flame violet (ft). It is soluble 
in its neight of cold, and half its weight of warm water. It has a pecu- 
liar, cooling, saline taste. It ti not altered by eiiposure. 

Nitre is the saltpetre of commerce. It is found abundantly in the soils 
of some parts of Spain, Egypt and Russia. It is also manufactured from 

soils containing other nitrates. In this country it is found ir '~ 

Madison Co., Ey., in Tennessee and in the Mississippi valley. 



PI xm. 

Fig. ]. roP. co^co, P. 2 Pm. This combination resembles the oi 
Binary crystal of quartz, coP. P. -n-hcn the faces of the brachy-dom' 
and brachy *pinai)oid are respectively equal to tlioso of the pyrwnid and 
prism. Fig. 2. Theabove withPm. Fig. 3. ooP. coPco, Ha,' 
F%g. 4. The combination Fig. 3, with P eg. but more tabular. ■* Fig 
5. The combination Fig. 4, vrith ^I'cn. Fig. 6, Section pai^ 

allel to OP, riiowing the mirrors of the prismatic cleavage. Fig. 7. 
The same, in a twin crystal Fig. 8. Trilhng crystal, hoUow, formed 
by the juxtaposition of three prisma. 

Airiithltallte. ft R OsTBOBaouBia. 

Sth. — Glaaerite, Kalisulpbal, Potaasa aulfat«?e. 

It crystallizes in right rhombic prisms of 120' 30'. Its fracture is c 
Choidal and it scratehes Gypsoin. It is generally white or colored slightly 
blue or green ; transparent, translucent or opaque ; lustre, vitreous or 
resinous. It onea appears like an hexagonal prism both in the simple 
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crystals, which are quite rare, and in the crystals which are composite 
8 oy 3 or 6 by 6. When obtained by crystallization in a solution, where 
it has been produced by double decomposition with JTa 0, it is dimor- 
phous and gives an hexagonal prism. H.=3 — 3.5. 0«= 1.731. Com- 
position, & 54.1, B45. 9. 

P]rr« Ac. Before the blowpipe, it decrepitates and melts. In the 
red flame it is reduced to K S ; the moistened globule then blackens 
silver. It is not very soluble, has a bitter taste. 

Anhydrous sulphate of potash is found among volcanic products in 
crystalline crusts which appear to be produced by the vapors of B on 
rocks containing alkalies. 

SODIUM. 

Soda Kitrc. ^al(. Hexagonal. 
Stn. — Nitratin, Natron Salpeter, Sonde nitraUJe. 

It crystallizes as a rhombohedron of 106* 33', it is isomorphous with Dol- 
omite and Nitre, which under certain circumstances takes the same angle. 
When it is evaporated rapidlv it takes the form of a rhombic prism of 117* 
or 118° and is thus isodimorplious with Nitre. It has cleavages parallel to 
the primitive rhombohedron. It is generally white or grayish, with a 
slight vitreous lustre ; transparent, translucent or opaque. Its fracture is 
sometimes granular, sometimes lamellar or conchoidaL H«=2. 
4».=1.937. Composition, Sa 36.5, fi 63.5. 

Pyr. dec. Deflagrates on Gh., but less than Nitre; colors the 
flame yellow. It is soluble in 3 parts of £[ and. has a cooHng, saline 
taste. 

Soda Nitre is found in great abundance in certain countries, espe- 
cially in Peru, where it is found in crystalline masses of large extent^ 
which appear to be the residues of ancient lakes. It is also found in 
India^ where it continually effloresces on the surface of the ground. 

Tlienarditc. JTa B. Orthorhombic. 

It is generally found in crystalline masses, with forms that approach the 
prism. They are usually rhombic octahedra, with very sharp edges. 
They have a cleavage parallel to the base and brachy-pinacoid. Lustre, 
vitreous ; color, white to brown ; translucent H«=2 — 3. 0.=2.5 to 
2.7. Composition, STa 56.3, B 43.7. 

Pyr. Ac. Colors the flame yellow ; in R. F. gives, Na S. If dis- 
solved above 33', on cooling it crystallizes as anhydrous and below 
it as hydrous. 

It is found in deposits left by Thermal springs. 

F0RMX7LJE OF THE CRYSTALS. 

PI xm. 

Itg. 9. P. Surface, rough and with but little lustre. Fig, 10. 
P. OP. ooP. 

Mlrabllltc. ]9a B+10 £[. MoKocLmic. 

Syk. — Glauber Salz, Mirabilite, Soude sulfat^e. 

The primitive form is an inclined rhombic prism 86"* 31'. Lustre 
vitreous, color white ; transparent, opaque, H«=1.5— 2. 0«= 1.481. 
Composition, fTa 19.3, 8 24.8, B 55.9. < 
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Pyr, &c. Yields water in a tube, gires a yellow flame, giyes tiui 
reactions for S, Taslea cool, ftfterwarda solty end bitter. In the air, falls' 
to pieces and becomes aaliydroug, 

Iq Spain, e^ecially near Madrid, it is found in large niii3?cj not ajs- 
tallized, but fibrous and bent. These masses are semi-transparent, with a 
flight pearly lustre, and appear to result IVoni alteration. In the «ir, 
tliese masses effloresce rapidly ; they lUight sometimes be mistaken for salt, 
Mg B, but tilts IS less soluble and less efflorescent.' 



might bo mistaken for Mg B 

pf.'xm. 



Fig. 12. 



Fig.n. ooPco. coP. P. OP, wpui. P 
!o]^o5. ooP. P.-P. iP. Poi. i P o=.-i P ro. P 00. 2 P 05. OP. 

Cilauberilo. (i ^'a+i Ca) 3. SIokoolinio. 

The form is a rery oblique rhombic prism. If not crystallized, 
it is crystalline. It may have two types, ivhich are formed by the 
same laws of derivation, but differ somewhat in their exterior. ThO 
first type, Fig. 13, pi. XIII. is the ordinary one. It is the primi- 
tive crystal with the modification -P. but very fiat parallel to OF, with 
sharp edges. TheangiemPbeins very obtuse, 104°16', the face -P is very 
much striated, so much so as sometimes to appear step shaped. Thig 
type is that generally found in Spain, in the salt mines and in the vari- 
egated clays which accompnny theui. The same variety has been found 
in France, at Vic, colored red ivith iron. In Peru, at Iquique, Glauberite 
has been found with the second type, which shows the same faces, but the 
crystal is much longer from the extension of. I; this variety is nsualiy 
found in colorlesii crystals, with a very bright resinous lustre. It baa a 
very easy cleavage parallel to the base. The fracture is oonchoidal and 
brilliant. Its lustre is resinous and sometimes very bright Its ordinary 
color is yellow, somewhat gray, but when Pe is present, it Jared. Streak, 
white. II.=2.5 to 3. ti.=2.64 to 2.85. Composition, B 57,5, 
Oa 20.1, Sa 22.4. 

PjT. Ac. IS. P. Decrepitates and melts into » bead which is 
transparent, when hot, but opaline, when cold. By the action of 
Sthe two sulphates are isolated, the SaB being dissolved. At first it has 
no taste, then it gives suceessiveljasalt^ bitterfjid astringent taste. 

Near Madrid,. a large mass of Glauberite was found, 14 to ISoi. thick and 
several leagues square. It was from the decomposition of this mas* 
that the fibers of Ma H came, of which we have spoken. It is generally 
found in the same associatious as salt. 



pi.xm. 

Fig. 18. OP,-P, 
OP .-P. -Po=. 



I 



Fig. 14, OP.-P, o 



Fiff. 15, 



Halite. Nn CI, ' IsoNBniia. 

Sym.— Salt, Rook Salt, Kochsalz, Steinsalz, Soude rouriatSe, 

8el gemnio, Halites, 

It crystallizes in tlie isometric sys'em, .iliuost always in cubes. It has 

a veiy easy cubical cleaVage, so that the crystals are gencrolly filled 

with mirrors in three directions. Lustre, vitreous ; streak white, Ita 
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colors are very variable. When, pure, it is colorless, but generally it is 
colored by some earthy or organic matter. It may be gray, red, violet, 
blue or green. The cause of all these colors is not very well understood. 
They may be owing to traces of S'i, Co, Cu, or organic matter. It is solu- 
ble, and has its own peculiar taste. The fracture of salt is lamellar and 
sometimes conchoidal across the cleavage. H[,=2.5. O* =2.1.-2.257. 
Composition, Na 39.3, CI 60.7. 

Pjrr. 4te« Heated, it first decrepitates and then melta. Some pecu- 
liar varieties do not decrepitate. It sometimes decrepitates, when it is 
dissolved, which is owing to the presence of cavities in the crystals. 
These cavities are ofl|n cubical in shape and contain water and C, which 
is under pressure and produces the phenomena of decrepitation, when 
by solution the sides of the cavities are no longer strong enough to bear 
the pressure. 

Besides the crystallized and lamellar varieties, it is frequently found in 
fibrous masses, which sometimes adhere to the rock by one extremity 
only; the fibers are then very much bent When it fills fissures, the 
fibers are usually straight, and the two opposite walls of the rock are 
often joined. This variety is frequently colored red by oxide of iron. 

It is found in Europe in the deposite of Gypsum, and especially in the 
variegated clays (Marnes Irishes) of the Trias. In the U. S. it has been 
found forming beds associated with Gypsum in Virginia and Oregon. In 
Louisiana, in large beds of later origin. Most of the salt obtained in this 
country is from Salt springs. 

FORliULJS OF THE CRYSTALS. 

PI XIIL 

Fig, 16. 00 00. Fig. 17. Hopper-shaped crystal. Fig, 18. Cavernous 
cube. 

Borax. ]Sra 5^+10 IGC. MoNocuNia 
Stn. — Tinkal, Borsaures Natron, Sonde borat^e. 

It crystallizes as an inclined rhombic prism of 87°, with the very simple 
forms shown in PL XIII. Figs, 19-21. It has a number of difficult cleavages. 
The crystals are mostly white and opaline, but when they are stained by 
organic matter thpy are colored gray, more or less dark, sometimes bluish 
or greenish, and then give off an empyreumatic odor "when heated. 
It is isomorphous with Pyroxene. Streak, white; translucent, opaque; 
fracture, conchoidal It is soluble, has a salt, alkaline soapy taste ; boil- 
ing water dissolves double its weight HE. =2.25. G.= 1.716. Com- 
position, STa 16.2, B 36.6, 3 47.2. 

Pyr. See, B. P. Intumesces and fuses to a transparent glass. 
Fused with Fluorite and bisulphate of potash, gives the reaction for B. 

Borax is found in nature either in solution in certain lakes, or as a 
residue of their evaporation. It is found most abundantly in India and 
California. 

FORMULA OF THE CRYSTALS. 

PI, XIIL 
Ftg,\^, ooPoo. ooP. coi^oo. P.2P. OP. 2^.20. ooPoo. ooP. 
P.2P OP. Fig, 21. oo P oo. oo i* oo. oo P. P. 2 P. 4 P ooOP. 




The usual form is given Fig. 22, Flats XIII, 

TJcder (iisaameB number of mixturea of different curbonatishsTO been 
described, as for example Ihe neutral and sesqui-earbonate wilh varjinff 
proportions of fl, which kto found in certain African lakes. These masses 
are wbite or gray, from the interposition of foreign substances. They are 
generally oorthy. In tbeae mnsaes crystib msy be seen, wliioh may be 
ivhilo or ODaque and eeera to belong to a partiaily decomposed Besqui-car- 
bonate ; Ihe rest of the mass being a oeulrai carbonate, which is maoh leas 



p;.xni. 

Fig. 22. P. 00 P. 00 P 00. 

Asinroivivn. 

naicaguite. 14*11* 3+C Ortborhombio. 
Svs. — Uaacagnin, Ammoniaque sulfat^Se. 

Right Ehorabio Priam of 107" 40'. 

It is found as lu incrustation on volcanic roclcs. It is Eimilar to the guns 
salt in the laboratories. It is isomorphons with Aphthitalite. Lustre, v 
reous ; translucenlj color, yellowish gray to lemon yellow ; tastejiungont and 
bitter. H.^2-2.5. «.=1.72-1.73. CompoaitionBTH'34.7, 3 53.3, fl 12. 

P|T. &C. It is Holuble and volatile, giving oiF very thick vapors. 
It has the peculiar flavor of Sal-Ammoniao, hut is bitter, which dis- 
^njruishes it. 

It is generally found on volcanoes and in coal mines which have 
been on fire, 

Saf-Ammoulnc. NH' OL laouETRic. 

Tetrajfonal-trisoctahedron and hexoetahcdron. Sometimes lengthened i 
as in Fig. 26, PL XIIL Lustre, vilreo-js. Color white, yellowish or gray> i 
IBh. Fracture, conchoidoL H.=1.5-2. 0.=].32S. CoraposiliM 
TiR* 33.7. CI 66,3. 

Pyr. Ac. Siiblimea ia a closed tube without fusion. Heated witJi 
lime or caustic alkali, gives ammonia reaction. It is soluble in th.-ee timoa 
its v/eight of A and lias a pi'vuiiar fclitio and pungent taste. 

If in the solution of Sal-Ammoaiac a few niilliems of acid are added, it 
crystallizes in cubes. If however salt is added, it crystallizes in letrago- 
nal-trifioctahedra. They have en octahedral cleavage. It is i£omoi> 
phoua with the Sylvite and Halitn, but these have a cubical cleavage. It . 
Is found Inccilain volcanic forraations and has the same formula that it has 
in th^ lalKjinlotien. It is generslly found as iucriistali.Mj on tha HurfaoM 
of lakes, or incoalmineaonflre. These iactastationa are white or colored 
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Sellow by Fe CI which is volatilize^ with it, as frequently happens m the 
kboratories. 

FORMULiB OF THE 0RTSTAL8. 

PI XllL—mg. 23. 0. Fig, 24. 303. Fig. 25. 30f. . Fig. 
26. 303, very much distorted. 

Baiite* l^a S. Obtborhombio. 
Stk. — Heavy Spar, Schwerspath, Barytc snlfat^e. 

It crystallizes as a right rhombic prism of 101^ 40', with three cleavages; 
two parallel to the prism and one parallel to the base. Crystals are 
found, according to localities, in four general t3rpes. The first is quite flat 
It is composed of the macrodome and brachy-pinacoid. These crystals 
are usually not very large, and are often modified as Figs, 28, 29, 30, 
Plate XIII. The second is also flat, made up of the base and the macro 
and brachy-pinacoids, Fig, 31, PZa^e XIII. and shows a rectangular form. 
This may also be modified. It belongs to the varieties which are gangues 
of metals. The third type belongs* to veins. The base has disappeared 
and the brachy-dome become very large, so that the crystal has a roof shape, 
Fig. 34, Plate XIII. The fourth type is much rarer. It shows a predomir 
nance of the macro-dome, so that it has the dome at right angles to the 
third type, Fig, 2, PiJCFV. The disposition of the cleavage allows of the dis- 
tinction being always made between this form and the previous one. Besides 
the forms which have been given, the crystal often has faces which 
have a much more complicated notation. These faces are generally small 
and are distinguished by their difi^erence in lustre. Its colors are usually 
not very distinct White, gray or yellow are the usual ones, but it is some- 
times blue or reddish. The yellow is usually owing to Pe, and the red 
often to Cinnabar. The lustre of the mineral is vitreous, generally very 
bright; sometimes it is resinous. HE* =2.5-35. 0«=4.3-4.86. Com- 
position fia G5.7, B 34.3. 

Pyr. &e. B. P. Decrepitates and fuses to a white enamel, which^ 
falls to pieces after some time. The flame, during the fusion, is colored 
vellowish-green. The globule obtained in the red flame is BaS, moistened, 
It blackens Ag. It is insoluble to all intents and purposes, but not com- 
pletely so. It has the same composition as the l^a 5 of the laboratories. ■ 

Besides the simple forms, it is often grouped. One of the most frequent 
is the crested form, made up of crystals which are usually small and which 
are radiated in the form of a sphere. It is also found in lamellar and 
bacillary masses which are striated in the direction of their lengths, and 
have mirrors in every direction, owing to easy cleavages. In concre- 
tionary masses, in stalactites, which are fibrous in their interior, having 
usually difi^erent varieties of brown for their colors, which seem mostly 
to be owing to organic matter. Saccharoidal, having the aspect of Italian 
marble. Sometimes it is entirely earthy. It may also be found in every 
intermediate stage. Compact, as the gangue of veins, looking quite 
like Petrosilex or Agate, but is easily distinguished by its inferior hardness. 
The character, which is the one depended on to distinguish it fi:t)m 
Celestite and Aragonite, is its density, which is 4.5. It is distin- 
guished from the various carbonates by not effervescing with acids: 
from metallic minerals, by giving no metallic reaction before the B* P. 

Uses, — Its general use is as an adulteration for white lead. A mixture 
of equal parts of Barite and white lead is often called Venice White, Twice 
the weight in Barite is called Hamburg While, Three times, Dvich 



^^ ucrrxuss ok xu^xralogy. 
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.i*« .^^ l^iio is often ailvanla^ous, especially when the 
. >: i\:os;«ii to suliihiirous vapors. It then procects the 
.c m.nioa lately lilackoned. Barite U:ieU lor this pur- 
•» ^ :.;u\ a:i*i is olU-n piuified, especially from iron, by 



v.-vRvn..*; or the cetstals. 
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Fir.. 251 xVx. Poo. JFoo. Fig. 29. 

Ftr.. V^X xf X. Px. Px. P. Fig, 31. 

n.vrA:;^;i:ar i.^nTi. Fig, 32. ooPx. ocPz Poo. 

..-yir. .".*.■. ;:. tbr r.jnvtion of Px. Fig. 34. Px. 

* v ^ .\ \7 i. 9tV x.Pi^lY.F^g.'L Thesame^elongsk- 

^^ .. .. , .xT:. Fir. 2. fx.Px. /7^. 3. 00 Px. 

V > .V r X T* X. X F2. tt P. Fy. 5. 

£ 7 .V. r .-.. C X ? X, X Y' 2. P X. P. 

.N f.-*^ ^r Fig. S. x1?x. aop2. 



> 



_• V 



. -. . -^ - •':• - v.~iir. ftf II?' ?.(•'. It is one 
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Baryta, which are used in analysis an^ to some extent, in pyrotechny. 
ArtiOoially prepared, it is used as a paint for water-color drawings. It is 
jBoaaetinles used as a poison. 

FORMULA OF THE CRYSTALS. 
PI XIV. 

Hg, 9. P. 2^^ 00. Both forms are equal and apparently make a hex- 
agonal pyramid. JFXg. 10. The former combination, with OP. Itg. 11. 
03 P. <» Jp^. P. 2 ?oo. OP. Fig, 12. ooP. ooPoo. P. 2 Poo. | P. 2 P. 
3 1^ 00. 4 P 00. Mg, 13. Horizontal projection of a composite crystal, 
formed by six simple crystals, x P. being the composition foce. 

Barxtocalclte* d Ifia+i Ca) G, MozrocLiNio. 

Its primitive form is an inclined rhombic prism of 106*" 54'. The usu^l 
form is shown in i^i^. 14. P2- XIV. Cleavage, easy parallel to the prism, loss 
«a3y, parallel to the base. Lustre, vitreous. Color white, gray, greenish 
or yellowish. Fracture, uneven. Streak, white. Compositionl^aC66>.3, 
Oa 33.7. 

Pjnr. 4tG, B. P. Fuses with difficulty on the edges, coloring the 
flame yellowish-green and becomes greenish. With S'a C on Ch., the Ba 
is absorbed and the Ca remains on the Ch. Soluble in dilute 1^. This 
mineral is comparatively rare. It is quite remarkable that it is 
not isomorphous with the variety of Calcite which contains ^b 0, while 
the carbonates of ^b and Ba are both prismatic and isomorphous. 

FORMULA OF THE CBTST^LS. 

FlXIV.^Flg.li. OOP. oot3.P. Poo. 

STROltfTIlJIII. 

Celestlte. 6r S. Orthorhombio. 
Syn. — Celestine, Calestin, Strontiane sulfat^e. 

The primitive form is a right rhombic prism of 104"* 2'. The bluish 
crystals have usually the first type of the crystals of Barite. The white 
Celestite from Sicily has another form, which is that of the last t3rpe, 
JF^, 18, PI, XrV. It has also another form which seems to belong to 
the tertiary formations. This is from the round masses of Celestite which 
are found at Paris and in the silex of the chalk. These are produced as 
follows : During the tertiary epoch, while the formation of Gypsum . 
and of chalk was going on, the silex of the chalk was more or less 
cracked. Into these cracks waters, charged with &r S in solution, infiltrated 
and soldered them together. 

All of these crystal have a special form, from which the prfmitive type 
has entirely disappeared. They are often acicular, and it is not always 
easy to distinguish them as orihorhombic. 

Celestite is isomorphous with Barite and Anglesite. The prismatic an- 
gle which in BaS was 101"* is lOi"* in 6r S. The cleavages are the same. 
The crystals are usually smaller and less distinct than those of Barite. It 
is cflener white than &i S and has frequently a bluish tinge, which 
13 characteristic and from w^hence it received the name Celestite. 
Sometimes it is soluble, occasionally trichroic. Its lustre is very 
bright, often pearly, generally less resinous than that of Barite. Its fiw>- 
ture is lamellar and sometimes conohoidal Streak, white. II*s:3--3i5. 
0.=3.92-3.975. Composition, Sr 56.4, B 43.6. 
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P|T. Jcc. B. P. Decrepitatea and fusea, coloring the Same red. 
If fused in B. F. and then dissolved in acid, it givus to the alcohol 
flame the characteristio red color. On. Ch., acta like iiarite. iDsoluble in 

It is alao found in lamellar masses like Barite, but the cleavage is less 
easy. It is also found fibrous, usually in parallel fibres filling up cracks in 
the rocka. They are usually perpendicular to the sides of the rook, some- 
tdmeB on one side, eometimea on the other. These masses are generally 
blue. In regarding the cleavages, it will be seen that each fibre is a 
crystal which belongs to the type of tie terliary formation. It is often 
Bftccharoidal vrhen it is found in marie and clays. It is also found in the 
tettiary formations in compact earthy masses. These are generally found 
in rounded masses, which often lie together in beds, like the silex of the 
chalk formation. These masses are often hollow or cracked in their in- 
terior, wliich is then filled with crystals of the tertiary type. The density 
of Celestite is great, it is howerer a little lecsthan SariCe never reaching 
4. It is quite difficult to distinguish it from Boiite, especially when it is in 
lamellar, saccharoidal or compact masses ; a test must then be made. It is 
reduced to a sulphuret, dissolved in H CI or ^ and mixed witli alcohol to 
get the fiame. The two bases might be distinguished by the crystola of 
Nitrate or Chloride. 

Celestite is used in the arts for making Nitrate of Strontia which 
produces the red color in fireworks. An attempt was made, some years 
ago, to use the very large deposit on Strontian Island, in Lake Brie, for 
adulterating white painty but it doea not appear to have been successful, as 
only a few cargoes were used. 



PI. XIV. 
fljf. 15. Pco. fro. rcVm. Fig. 16. Pco. roF2. foj. oofoo. 
Fig. IT. Fs. foD. Fig. 18. Poo. Pco. 

Slrontlaulto. &r 0. OnTnonnoMmc 

Crystallizea aa a right rhotnbic prism of 117° 19'. It has a cleavage 
parallel to the prism and to the brachy-pinaeoid. The usual forms ore 
shown in Figs. 19, 20, 21, 22. PI. XIV. It is iaomorphous with Witherite. 
The pseudo-hei agonal jiyramids are however much rarer. The crystals 
are usually complete prisms, but are almost always small and not very 
distinct. They are most frequently needles, the details of which are only 
visible with a glass. Lustre, vitreous or resinous. Colors gray, white, 
yellow, brownish and pale green ; transparent, IranslucenL Streak, 
white. Fracture, uneven. lI.=3.5-4. G. =3.605-3.713. Compo- 
sition Sr 70.2, 28.8. 

Pfr. Slc B. p. Swells, arboresces and fuses on the thin edges. 
Moistened with HCL gives the Strontia color. With JTa C on Ch., fuses 
to a clear glass and all the Sr is absorbed by tlie Cli. Soluble in H CI. 

It is often found in concretionary masses which are fibrous and 
tufty, and are usually yellowish, with a very resinous lustre. 
These concretionary masses are often grouped round a crystal 
It usually has a greenish color, which is characteristic, and which has 
caused the name of asparagua stone to be given to it. Tliis name, 
hovrever, properly belongs to Apatite. These masses are generally con- 



I 



LECTURES ON MINERALOGT. 91 

eretionary, translucent and analogous to Witherite. The density would 
confound it with Ba 0, when the distinction must be made by me color 
of the flame. It is used for Pyrotechnics. 

TOBMXTLM OF THE CRYSTALS. 
PI. XIV. 

Mg, 19. 00 P. 00 fa. OP. P. 2 Foo. Mg. 20. The precedmg^ with i P. 
?oo. i^. 21. 00 P. ooFoo. OP. P. iP. Fig, 22. ooP. ooPoo. OP. P. 
i P. 2 P 00. The last face predominant. 

CALCHJBI. 

Anhydrite, Oa B. Obthorhombic. 
Syk. — Muriazite, Karstenite, Chaux sulfat^e anhydre. 

It crystallizes as a right rhombic prism of 100' 30', with three easy, 
but unequal cleavages which lead to a rectangular prism, usually the 
dominant form. Lustre, yitreous and bright on the cleavage faces; when 
massive, it is vitreous or pearly. It is translucent or transparent, and 
' generally colorless. The colors are never very decided, but are light 
tints of gray, rose, blue, or violet Fracture, uneven. Streak, white. 
H.=3-8.5. ©.=2.899-2.895. Composition, Ca 41.2, S 68.8. It is 
found especially in association with salt, in fibrous masses, which are gen- 
erally bent and show traces of cleavage in the direction of a normal to the 
curves. In this condition, it resembles some of the masses of Celestite, 
but its density is much lower, being 2.9 at the most. Like Celestite, it is 
found bluish in certain localities. It is also found in saccharoidal masses, 
analagous to Calcite, but it is usually more transparent, its density is 
greater and its cleavage is> different It sometimes occurs in large, 
compact masses, with a conchoidal fracture, which may also be rectangu- 
lar or scaly. These masses can be distinguished by their transparency 
and hardness. 

It is susceptible of decomposition, or rather of alteration, as in damp 
air it becomes hydrated, effloresces and changes to Gypsum. Masses thus 
altered have been found, retaining their transparency and their rec- 
tangular cleavage, but which can be scratched by the nail, and are Gypsum, 
at least near the surface of the crystal. At Bex, in Switzerland, the beds 
are sometimes altered to the depth of 20 to -SOm. This alteration is also 
quite frequent in collections. It is the cause of difficulty in working 
certain salt mines. When one of the gallerfes of the mines passes through 
a mass of Anhydrite, at the end of a certain time the latter becomes hy- 
drated on the surfaces and swells. This throws down the wood-work or 
supports of any kind that may have been used, so that the gallery has to be 
rebuilt, sometimes several times, until the alteration has taken its full 
effect and has entered for a considerable distance into the mass. 

Anhydrite is distinguished from Gypsum by being harder ; from the 
zeolites and the carbonates, by its action with acids. Some varieties 
arc cut and polished and are called alabaster. It is found at Lockport^ 
N. Y., associated with Dolomite and limestone. 

Pyr. &e. B. P. Heated, it becomes white, coloring the flame 
reddish-yellow, but does not exfoliate ; heated longer in the R F., it 
melts at 3, with an enamel which breaks up and becomes pulverulent and 
which, when moistened, shows the usual reaction for sulphur. -With 
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Fluorlte. 



Ca FL laouETRia. 
■, Derbyshire Spar, Chi 



Sts.— Flussspath, T 

It has a Tery easy octahedral cleavage. The moat usual form of 
FluoriW ia the cube, fig. 1, PlXT.or the tetrahesahedron, Mg. 8 or com- 
binations of both, Fiff. 9. It ia also found in rhombic dodecahedra 
and ootahedra, Fig. 3, tetraKonal-triaoctahedra and hexoctahedra, JVj. II, 
with or without the cube, tiut these forma are rare. A complex crystal 
IB sboWD in Fig. 12. Distorted form, Mg. 15. Twins, f^s. 13, 14, The 
fracture ia generally lamellar, conchoidal and sometimes acaly in the 
compact varieties. Streak, white. Its lustre ia vitreous and usually 
very bright. The colors of Fluorite are very variable. It ia sometimes 
onlirely colurleaa and transparent. It has all the shades of yellow, violet, 
green, red and blue. Crystals are sometimes found which show both 
Ui8 blue and green color. This ia, however, not a true dichroism and is 
called nuoriam. These crystals are monorefringent and become phos- 
phorescent under the influence of heat or light Some substances are 
jihoaphoresoent only while they are under the influence of the rays of 
light, but others remain so afterwards for a longer or shorter time. 
^iiorlLo is one of the latUr. The same specimen o^cn shows several 
diHlinot colorations. H.=4. O.=3.01-3.25. Composition, 0a=51.3, 
Fl=4a7. 

Pyr. 4cc. B> P. It decrepitates, becomesmilk white and iiises to 
nu enamel, coloring the flame red(Ca), With Salt of Phosphorus, gives the 
runetiou for t1. When it contains foreign substances, it remains colored, 
except when the colorations are produced by organic matter. It ia in- 
salubte in HCI or S; 3 dissolves it easily without eflervescence, giving 
off H Fl. which attacks glass. 

It is also found concretionai; in layers, which usually show a very 
marked difference of color. The line of junction of these different layers 
is usually zigzag, caused by an attempt at crystallization. The color of 
these masses is ofl«n green, violet or rose. In this condition it is some- 
times used to make ornamental objects. It was of this variety that the 
Hurrhina vases, so muuh esteemed by the ancients, were made. In 
this condition it is very frequently associated with Quartz. It is 
also found aaccharoidnl or granular with a grayish color. It might 
in this condition be DUHtaki-a for Ilarite, but its density will distinguish 
it. It is found compact, rm the ganguo of some veins. These masses 
have a smooth, concholdnl fracture, sometlmea scaly. Their colors 
are gencraUy feeble and unequal in diflei'ent parts of the roa^a. In 
this condition it mi^ht be confounded with Ssrite, Fctrosilex and Agate. 
From the last two, it is distinguished because it is easily scratched by the 
knife ; from Barite, by its density and a test with 5. Where it ia semi- 
crystalline, it Eometimea resembles the emerald, but differs from it by its 
hardness. It may also resemble certain varieties of Wemerite, but ia 
distinguished by the cleavage, which is distinct and vitreous in Fluorite, 
while it is resinous and scaly in Wemerite. It also resembles Apatite, 
but is insoluble in all hut B, while Apatite is soluble in other acids 
without residue. Among the varieties, there is one which contains a small 
proportion of 51 ; it shows opaque and transparent parts, which are quite 
hard and strike fire with the ateel. These contain 6i or SI, or some- 
limes both. Perhaps these two substances are In the slate of Si Fl, or 
perhaps as a fluoailicate of lime. In many localities the crystals of 
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Fluorite which were formed have been afterwards destroyed, and have 
left cavities in the rock which have been afterwards filled with Quartz. 
By our ordinary methods we are forced lo consider Fluorite insoluble, 
which shows that we do not understand the method by which this paeu- 
domorph has taken place. Under the name of Derbyshire Sp&r, it is 
much used as an omamenL It is largely employed in making hydro- 
fluoric acid, which is used for engraving gla^s or siUcious minerals. It 
is largely used as a flux for reducing ores and hence its name. It is 
found in the U. S. in veins, sometimes associated with metals. At Trum- 
bull, CC., it is associated with Topaz; at Amity, N. Y., in narraw aeame 
with Spinel and Tounoaline. 

FORHCI.^ or THE CRTBTAia. 

PIXY. 
Hg. I. osOoo. F7ff. 2. O, Fig. 3. 0. wOco. Mg. 4. oiOoo 
0. Hg. 5. <xO». 202. f^g. 8. O. taO. Fig. 7. coOot. =oO. 
Fig.H. aj03. JTj. 9. a,0». a>03, fV- W- '^0». 402. I^g. 
II. 402. Fig.U. (bOco. ooO. 202. 80. 40 2, 1^.13. Twin 
crystal. I^g. 14. Twin crystal I^. 15. 202. Distorted to the 
obliteration of some of the faces and formin? a, Ecalenohedron. Fiffi. 
16, 17, 18, 10, 20. 0. Forma obtained by oTeavoge. 

ApnliCe. fla' P+i Oa (01, F). Hekacosal. 

8tN. — Asparagus Stone, Ohaux phosphatiSe, Phosphate of Lime. 

It has an imperfect cleavage parallel to the base, and a less easy one 
parallel to the prism. Its fracture b unequal, conchoidal, rarely lamellar, 
but generally smooth and brilliant. Transparent or opaque. Crystals 
of Apatite have generally the forms of the hexagonal prism, which is 
often striated in the direction of the vertical axis. The colorless crystals 
from St. Gothard, frequently have the hemihedral forma with parallel 
faces, Pl.XV.Fig. 25. Sometimes the crystals are very much distorted, 
Fig.l, P'.XyiThe crystals have often the appearanco of having been subject- 
ed to the action of some solvent, which has rounded the focea and given 
them a vitreous appearance. This is sometimes carried so far that the 
faces of the crystal are entirely rounded, losing all trace of their form. 
Such crystals are usually disseminated in a ganguo of Talc. The streak 
is white. The lustre of ApaUte is generally vitreous on the plane &cea, 
but when the faces are curved the liMtre is rather resinoua. The colors of 
Apatile are very various. In some places, as in the Alps, especially near 
St. Oothard, small transparent crystals are found, which ore colorless and 
have a very brilliant lustre. They are ofleneet found in cracks in the 
rocks, and the crystals have a large number of faces. Generally, however, 
Apatite is found in large crystals, which are yellow, green, blue or violet 
The colors are not quite so brilliant as those of Muorite. H.=4.5-5. 
G.=2.92^3.25. Composition, P 40.92, Ca 48.43=89.35 ; 01 6.81, Ca 3.84 
orP 43.26, Ca 50=92.26, Oa P; P 3.77, Ca 3.97. Sometimes the P is 
replaced by Ss. 

Pf r. dec. B, P. Fuses with difficulty on the cdgea at 4.5, coloring 
the flame red {6a). It is soluble in HCland fJ, without residue. This re- 
action is not absolute, for when it contains Ca Fl, there is n slight residue. 
It is sometimes phosphorescent in the dark, especially in powder. 

In Sweden, at Rossie, in the state of New York, and in Canada, very 
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large crystftia have been found which are almost always green. They haTe 
a (»iJcareous gangiie, and have a sis-sided or basio tercnination. They are 
frequenfly contorted or bent. ThesecrystalshaTe very often a rounded ap- 
pearance and a very resinous lustre. In certain rare coses, Apatite might be 
mistaken for emerald, but can be distinguished from it by its lustre, hard- 
ness and cleavage. Apatite is Bometiraes found in grains, with traces of 
cleavage. These gr^os are easily distinguished by their lustre. la 
Spoilt, sn earthy variety of Apatite is found, which, without examination, 
might be mistaken for a silicate. Its fracture is seiiii-crygtalliue, or fibrous 
in gome parts. It can be distinguished by the blowpipe and its solubility 
in acids, A compact variety, resembling an impure limestone, has been 
found near Churloston, S. 0. It is used in making fertilizers. 



PIXY. 

Btg. 21. odP. p. Particularly on Moroxito. Fig. 22. ooP.OP. P. 
The most usual form. The nrismatic faces often striated by co P2, Fig, 
23. The piecediog, with 2P2. Fiff. 24. osP. OP. iP. 2P2. 
■J^iff. 25. cop. 0P._ P. 2 P. 2 PS. 8P|. F2. a,P2. From St 
Gothard and iuteresting, owing to the hemihedral occurrence of 3 P t 
andmPI. J^. 26. =oP. goP2. OP. JP. P. 2P. P3. 2P2. 
4P2. PI. XVI. Fig. 1. Distorted crystal, with the following form. Mg. 
S. roP. coP2. OP. iP. P. 2P. 2P2. 3Pf 4PfP2. 
Ptaarmacollte. (J- Ca+J li)' Ss. "UoNOtLraic. 

Crystallizes as an inclined rhombic prism of 111° 0'. It is uraally 
found as the product of the alteration of metallic sulphides, especially of 
Nickel and Cobalt, iu presence of lime. It is usually found in crystaRine 
needles, or in cotton like efflorescences. Fracture, uneven. Lustre, 
vitreous. Cleavage, parallel to the clinopinacoid. Translucent, opaque. 
Color white, gray, or tinged red with cobalt Streak, white, Jl.=2.-2,6. 
G.=2.84-2,73. Composition. Ss=51.1, fla=24.9, S=34. Its formula 
varies somewhat, hut it is always hydrated. 

Pyr. Ac. B. P. Yields H in a closed tube. In 0. P., fuses with in- 
tumescence to a white enamel; on charcoal in R. F. gives an arsenical odor 
and fuses to a transparent beacl. Insoluble in d, but soluble in acids. 



a crystals 
, Fig. 33.' 



PI. XVI 

Flff. 3. OP. -P. otP. coPo;. i Pc=. 

Ara|;oiilto. Ca fl. OnxaonnoMBio. 
Stn.— Arragon Spar, Flos Ferri, Eiseuhliithe. 

Crystals of Aragouite are rarely ever simple. When they o 
usually have tJie form Figs. 4-10, PiXTI,Theexteriorof these 
shows a form which is generally more simple tJuin their real s 
Their section IVcijUcntly shows a hemitrope around the pri^m. 
Instead of hinug like Fig. 13, sometiraea the crystals are hemitrope several 
times and thun have a aeotion like Fig. 13. The complex crystals show & 
base which ia grooved or, at least, striated, and lliis shows its twin forma- 
tjon. They also sometimes havu a formation which is more or Inss coui- 
plei, where the different crystals can be distinctly seen, as in Fiif. 17, 
which is made up of several crystals. The angle of An^onite is very 
near 120^ *,r.d it thus takes those limit form^, which are so near to llie 
hexagonal prism, zs in Witherite and Slronlianite. 



J 
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Aragonite is found in great abundance and especially in iron minesi as 
at Bastenes, in France. At Aragon, in Spain, it occurs in crystals, i^- 
parently made up of the hexagonal prism and base. These crystals are 
really made up of four or six simple crystals and are very complex, as 
the striations on the surface show. They sometimes have a hollow cen- 
tre or a cavity, from which other crystals start, Fig. 14. In other iron 
mines, especially at Pramont, in the Yosges, and at Bossie, N. Y., a 
pseudo-hexagonal pyramid is found, which is made up of an acute rhombic 
octahedron and brachydome. The crystals of this last variety oflen pass 
into bacillary crystals, made up of almost parallel baguettes^ which are 
sometimes arranged in diverging branches terminated on the surface by 
faces of crystals. These masses do not show any sign of cleavage, and 
usually have an unequal and conchoidal fracture. When the baguettes 
are very fine and arranged close together, the fracture is silky. 

It has three cleavages;* parallel to the brachypinacoid it is distinct^ but 
it is imperfect, parallel to the prism and brachydome. Its fracture is 
scaly or subconchoidal. Its lustre is bright^ vitreous or slightly resinous^ 
especially in the concretionary varieties. Transparent or translucent. 
Color, white, gray, yellow, green and violet Streak, white. Il.=: 3.5-4. 
«. =2.927-2.947. Composition, 6a 66, fi 44. 

Pyr. 4te* B* P. Heated in a tube, Aragonite decrepitates, and 
takes the form and density of ordinary Oalcite, thus losing trom 3 to 4^ of 
its own. Whitens, falls to pieces and then acts like Calcite. With acids,, 
it eflfervesces slowly. 

Aragonite is Oa 0, crystallized under peculiar conditions. Calcite ordii- 
narily crystallizes in the hexagonal system, while Aragonite is orthorhom!- 
bic, the angle of the prism being 116° 10'. It is isomorphous witii^ 
Witherite and Strontianite, with which it sometimes occurs. It not only 
differs from Calcite in its form, but also in its associations and its position.. 
Thus, while hexagonal Ca may be reproduced under ordinary temi]^era- 
tures, when that temperature is raised to 60" or 70*, it crystallizes ectho- 
rhombic with the form of Aragonite. The conditions of crystallization: 
may also be modified by causing it to take place in the presence of ^reigui 
substances. Thus the addition of salt allow% of the formation of Arago- 
nite at a lower temperature. This is a remarkable dimorphism produced, 
by change of condition, and it is all the more remarkable, as^ it; is the 
transition between the prismatic and rhombic carbonates. This same di- 
morphism was thought to be shown in Siderite, and Dufr^noy thought he- 
discovered a carbonate called Junckerite in right rhombic prisms- of 118°» . 

In large masses its colors are firequently disposed in coi^eentric zones. 
A variety is found in small bent stalactites, which is called coral Aragonite. 
Its fracture is radiated and fibrous. It is also found compact when it 
resembles Calcite very much. It is, however, distinguished by its want 
of cleavage and its decrepitation with the blowpipe. It is> distinguished 
by its density, from Witherite and Strontianite and, by the blowpipe, from-. 
Barite and Celestite. It is frequently found in lavas and other volcanic- 
rocks, where it lines cavities. It might be confounded with some of the- 
Zeolites, and especially with Natrolite, on account of its radiated form. 
But it can easily be distinguished with a glass, as the crystals of Natrohte are 
terminated by an octahedron, while those of Aragonite have either domes 
or very acute terminations. The distinction can be made by a blowpipie 
test, or with acids. It is also found pseudomorphic of certain fossil 
q[>eGie8. Thjos the Inoceramus Cuvieri found in the (M^ is Aragonite^^ 

7 
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while the Eohiaoderms, asociated -n-ith it, are Calcite. Associated witll I 
cortain metala, it Laltea different colors; with copper, it is green;- wiljlfl 
cobalt, it 13 Tosj or violeL 



PI XVI. 

F^. 4. x,P. aif ». ^ ai. Fiff.5. Tho preceding, with P. J^- «-■ 
The preceding, withaf 2. Fig.7. a>P. 2? oo. OP; from Spain. JVj. 8,1 
(o P. 00 Pjo. OP, The hstse is striated parallel to the hrachy diagonal. Fiff. S.I 
6 P J. 6 P CO. Tliis form is the basia of the pointed crystals. Fig. 10. 6 Pf. J 
toP, odPot, GPca. Fob. Fig. U. Section of a twin erysta), ahowingB 
the striations. Fig. 12. Section of a twin; composition face, co P. Fig.Xi. 
Trilling, consisting of three individuals. Fig. 14. Crystal, consisting- of si: 
individuaia. Fig. 15, Crystal, ooneisting of four individuals. The point 
crystals are often twinned in this way. Fiff. 18. Trilling crystal. I^g. 
Composite crystal, farmed by interpenetration, as in the crystals fi 
Spain. Fig.lS. Group of four crystals, coP, 2Fa>. Fig.\9. Twinci 
talj coP. <nPoo. Po3. Fig. 20, Twinning many times repealed, w 
BUCcesaiTe reversed layers. 

Calclte, Ca 0. Hexaoohal. 

Stn. — Calcareous Spar, Carbonate of Lime, Kalkspath, Esllatein, 

ChauE cftrbonat<5e. 

The crj[stalline forma of Calcite are very numerous, the largest of luijtfl 
known mineral. De Boumon, in 1803, described 691 forms of Ca!oite aria's 
49 of Aragonite. We shall only apeak of the simplest of the ordinarf ■ 
forms and of the most interesting of the composite ones. These give rise to I 
nearly all the possible macles of the heiagonal system, most of which have 1 
been found in Calclte. WhAi it is perfecUy pure, it crystallizes in rhombo- J 
hedra of 105° 5'; which angle however is not invariable, because Caleite is I 
very often, we might say always, miied with flg, fe or Sin. These oarbo- 1 
nates are also rhombohedra!, with angles only slightly different from those of 1 
■Calcit*, so that, while the crystalline form is not very ranch altered by this as* J 
aociation. it is nevertheless aomewhat modiQed. The angle of the rhombo- I 
liedron is thus diminished or increased a little by the presence of theM I 
isomorphous carbonates, but it always oscillates around the angle 105*, T 
and the variations are very small, not exceeding 2°. 1 

Calcilfi has been found in 50 or 60 different rhombohedra. Of these, fbor ] 
-are the most remarkable. The first is the primitive rhombohedron R, J^. I 
"22, Fi, XVI. which is rarely found as a crystal The second, -iR, is tangent I 
"to the first, and is remarkable for being quite flat, Fig. 21 ; it frequently oo- J 
curs rounded. Thelhird,'-3 R,istheonefo which the primitive rhombohe* 1 
dron is tanq|ent ; it is acute and h the one in. which the Fontsinebleau sand- 1 
stone usually occurs, Mg. 23. It is referred to under Quarts, The fonrCh, 1 
4 B, is very acute. Fig. 24. The fifth, -J R, is the very rare one which u | 
called the cubic rhombohedron, as it hag an angle very near 90°, fly. 27. I 
■When the rhombohedron 4 R, is truncated on the terminal anfrles. wo J 
'liave 4 form which very much resembles an octahedron Mg. 1, PL XVH.J 
when truncated below the angle, it resembles an hexagon^ prism, '■ 

Caloite is frequently found in hcxt^nol prisiniS, resulting from tangent! 
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modificfttions on the edges or angles of the rhombohedron. These two 
prisms may be readily distinguished by the different positions of the 
mirrors of cleavage ; they frequently show the base and are often termina- 
ted, in which case it will be very easy to distinguish the rhombohedra and 
the prisms. This association of the prism and rhombohedron, frequently 
resen^bks a rhombic dodecahedron, but the angles differ, the vertical faces 
being inclined to each other 120^, whUe the three rhombohedral faces have 
the angle 105*. By a hemihedral modification of one or the other of 
these hexagonal prisms, a trigonal prism is produced. Calcite is also found 
as scalenohedra or as rhombohedra modified by the faces of a scalenohe- 
dron, either on the vertical or horizontal edges. The combinations of 
these fbrms with the hexagonal prism are also found, as well as with the 
llexagonal and dihexagonal pyramids. Besides these comparatively simple 
hmSf there are other macled varieties formed by joining rhombohedra 
and hexagonal pyramids, or by twinning them on the vertical axis with 
the angle 60*. In the case of the soalenohedron, the hemitropy is formed 
around one of the faces of the primitive rhombohedron R. This hemi- 
trope is remarkable for the great development of one the faces of the 
scaiendbedron, Figs, 27, 28. The faces of the rhombohedron -^R are 
frequently rounded, and, as they are very flat, the crystals are often very 
much distorted. Tlie carbonate of lime is then very impure and, the differ- 
ent carbonates not taking the same angle, the form is the resultant of them 
all, which will be a curve, and the effect is that the cleavage plane is also 
curved with it Crystals of Calcite are frequently striated, the^ stria) usually 
resulting from a hemitropy, which is usually around a normal to one of 
the ftoos of the primitive rhombohedron. It has three easy cleavages 
parallel to the primitive rhombohedron. The fracture is conchoidal, but 
IS rarely seen. The lustre is vitreous or earthy. Transparent, opaque. 
The colors are not generally very decided. It is usually white, some- 
times yellowish, gray, red, green, blue, violet, yeHow, brown and black. 
The streak is white. It is double refi'acting. H, =2.5-3.5. O.=2.508-2. 
729. Composition, 6a 56, 44. 

Pyr* ftc. B. P. In a tube sometimes decrepitates. It is infusible, 
but gives a very luminous flame, coloring it red, (Oa). It is the same 
phenomenon on a small scale, that is produced with Uie Drummond Light. 
When heated, it loses 0, and becpmcs da ; when this is moistened on the 
finger, a sensation of heat is produced. It effervesces very rapidly with 
acids.- 

Csldte is one *of the substances most extensively found in nature. 
It is the gangue of many veins either pure or mixed with other mine- 
rals, and fvlone composes the larger part of the sedimentary formations. 
It IS found crystalline, imperfectly crystalline, lameUar, saccharoidal, 
bacillary, fibrous, concretionary, compact and earthy. It is also found 
in lamellar misisses, in which the cleavage shows itself to a greater or 
less degree; these lamellss become saccharoidal, and are often very 
small. A lamellar variety is found in some localities, which has a 
Very peculiar appearance. It is in large, very thin lamellae, placed one upon 
another, with very slight adhesiou, so that they are easily separated and 
resemble a cleavage. It is not, however, for all these planes of separation 
are limited by a cleavage plane. The real cleavage thus exists across the 
lamellfB. Their edges usually show a modification which can be seen with 
a glass, and which would, if carried out, form the primitive rhombohedron. 
These lamellss simply adhere to each other, but the whole mass is fiill 
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of BiQall empty spaces whicli separnte them bo thst there is in this 
variety o very decided pearly lustre, which might cause it to be mistaken 
for Dolomite, which, Iiowevor, never has this disposition of snperposed 
lamelkc Calcite is ollen found tn bacillary masses formed by the uqidd 
of imperfect crystala, which often come to the enrfaoe terminated 
with an acute rhombohedron, or sometimes with a very obtnee one : these 
varieties' are somelimea diver^ng, and Bometimes parBlieh It is aUo 
found as stAlactites miide up of coiicentrio isones. These mns^s are some- 
times suspended IVomthe upper part of the cavity, in which case they are 
called stalactites, but when they' form on the floor of the cavity they are 
called stalagmites. The stalactites are usually conical and come down to 
B small point, and are frequently connected with the stalagmite below. 
The stalagmites are oflen flat, but are also made up of concentric zones. 
These masses are often colored, especially by iron, which gives a difierent 
color from one zone to another. Borne of these masses are very much 
sought aller in the art^, under the name of oriental alabaster. 

The least foreign substance, which may be introduced into water charfred 
Tvithcarbonateof iime will give rise to aeoneretion. Agrainof sand which 
is thrown up and down by tJie force of a spring of this kind will form a 
pea-shaped concretion, especially if the water is made to bubble or move 
m any way, so as to lose a part of its C in exceaa. When the force of 
the spring is not strong enough to agitate these globules, ailer they have 
got to a certain eize, they faU to the bottom and soon become soldered 
together by the calcareous deposit,* which the water gives up, so as to form 
a mass which is called Pisolitic limestone. On breaking any one of tlio 
globules the concretionary structure can he recognized. Upon the «des 
of some mineral veins, Calcite is found in very line fibers, having b, fine 
alky lustre. It is found more frequently in sacchoroidal masseEi, often 
colored by mixtures witi foreign substances, and is then called limestone. 
One of the moat remarkable of uiese varieties is the fetid limestone. This 
is colored black by organic matter, which is probably of animal origin, and 
when breathed upon or struck, emits a very disagreeable odor. When lirae- 
Htone it is found with a very flue granmar Iracture, ahnost.compact, it is 
used for lithographic stones. It is also found with an entirely compact 
and earthy fracture, and it is in tliia state that it exists as the rock of by 
far the larger part of the geological epocla. These are either deposits left 
by the evaporated waters, or sometimes chemical precipitates. In this con- 
dition the carbonate of lime is very impure, and is mixed with foreign sub- 
stances, especially silica, so that tbe fracture is frequefitly conchoidal. In 
large masses the rock appears like clay, but it does not adhere to tiie'tong;ue, 
nor give out the argillaeeous odor when breathed upon. If it is very argil- 
laceous it is called marl, which has some of tlie properties of clays, hi ' '" 
can always be distinguished from clays proper by the action of acids. 
Bometimes found exhibiting irregular cavities, somewhat like the silex 
called millstone, but is eawly distinguished from it by acids, and by its hard- 
ness. The hardness, however, cannot always be depended upon lor distinc- 
tion, for it is clear that with sufficient silica limestone may be exceedingly 
hard. It is also found pulverulent, but much more rarely, and only be- 
tween beds of limestone or in cracks, and never has any other than 
negative characters. It is soft to the touch and does not attract the 
tongue; the eflervescence with acids will easily distinguish it from 
other pulverulent substances. It appears to have been deposited from 
caloareous waters which have lost their C. It is also found in i 
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oretions where the caustic lime, in contact with water and of the 
air, has become carbonated on the surface. Waters which are charged 
with Oa easily form incrustations, and it is possible to direct* these concre- 
tions, in such a way as to cover an object with carbonate of lime or to 
mould a delicate medallion with any degree of exactitude. These incrus- 
tiktions are generally made by placing the object in such a position, that the 
water drops upon it In this way the water loses the excess of 0. by virtue 
of which the carbonate of lime is dissolved, and the latter is then deposi- 
ted. The most celebrated of these fountuns are at Tivoli, Carlsbad and 
Auvergne. * Calcite may form pseudomorphs, which when they replace 
organisms are commonly called petrifactions or fossils. These pseudo- 
morphs are not formed after Che manner of silica, as the carbonate of lime 
does not take the structure of the organisms, but is only a mould of the 
interior, and sometimes only of incrustations on the outside. 

Under the name of marble, several varieties of Calcite are included, 
which are sought after in the arts, just as we have distinguished Jasper 
as Quartz under certain external conditions. A number of different quali- 
ties are requisite for marbles. Those which are colorles8,or only slightly 
colored, should be translucent on the edges. The pure varieties which 
fulfil this condition, have a saccharoidal or at least a granular frac- 
ture, like the marbles of Carrara or Paros. Other marbles have a 
compact fracture, but they must be capable of receiving a bright polish. 
What is sought after, particularly is the disposition of the coloring 
material; these colors may be uniform white, blat».k, yellow, or red. 
What is most desired in such marbles, is that the color shall be uniform 
throughout. Marbles of variegated colors are also much sought after. 
Marbles colored in veins of black and white are called St Anne. The 
marble of Numidia, so much sought after by the ancients, was yellow and red. 
The translucent onyx of Algeria is white, with orange yellow veins, but 
there are a very large number of other varieties which are very much sought 
for. Marbles are not always exclusively composed of carbonate of lime ; thus 
the marble called verd-antique is filled with veins of Serpentine and Talc. 
There are other varieties of marble, which are called pudding-stone and 
breccia. These are pebbles of Calcite, held together by a cement of carbon- 
ate of lime which is of another color. When the fragments are rounded, 
they are called pudding-stone, when angular, breccia. There are also mar- 
bles, which contain the fossil remains of organisms, generally shells which 
are found in calcareous rocks of different color from themselves ; some of 
these are black with white shells,- or white with red shells. The one called 
black granite is black, but has white Encrinites scattered through it like 
crystals of Albite in Melaphyre. Among these shell-marbles, is one known 
by the name of LumacheUe, which is peculiar. The shell, although fossil, 
has not completely lost the pearly color and iridiscent hues, which give great 
brilliancy <»f effect to the stone. Another is the marble made up of the 
juxtaposition of kidney-shaped masses. The calcareous deposits which 
were formed have become cracked in every direction and these cracks 
have been afterwards filled with carbonate of lime of another color. 
When the section of one of these stones is properly taken, peculiar mark- 
ings appear, which give the idea of ruins. These marbles are not very 
much sought after; they are found in Tuscany, and are known as ruin- 
marble. A remarkable variety of carbonate of lime is the one which still 
crystallizes as rhombohedra, but which contaios from 10 to 12 ^ ^b 0, 
which is prismatic in foroL The rhombohedron will consequently have 
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a difierent angle than when it is pure. It is ibund arystalline and lamellw 
and resemblea^Colcite. 



PC XVI. 
Fig. 21, -JE. Fig. 22. R. Pcimiiive and cleavage rhombohedron. 
J^. 23. -2R Fig.2i. 4R. Fg. 25. 13 R Jly. 26. 10 B. OK. 
Fg. 27. -| E. Angle=88'' 13' and resembles a cube very much. Fig. 

28. 00 R. OR. Fg. 29. toB. -JR. Fg. 30. -iR. ooR. Fg. 31. 
R. coR, Besemblea a dodecahedron,. Ftg. 32, -2R. co P2. Fig. 33. 
-2R R, Ftg. U. -2K. -kK. PI. yLVll. Fg. 1. 4R. OE, Resembles 
aa octahedron, Fg. 3. 16R. -iB. Fg. 3. -2K. -aR2, Fg. 4. 
4E. R3. Ftg. 5. coR. R2. -JR; R2 is generally striated parallel to 
the edge of R. Fg. G. E2. fRa. E. Fig. 7. R3. The most fr&- 
quent scalenohedron. Fg. 8. R3. ooP2. Fig. 9, R3. coR. -2B. 
Fg. 10. R3. (oR. -JR3. Fg. ]1. R3. ocR. JES. J^. 12, R3. 

. B, Fg. 13. a>R, R3, -JR, Fg. 14, R5, R3. 4B. B. Fg. 15. 
R3, iR3. -|R. E. -JR. In large complete crystals, from Derbyshire; 
'with the base, as in the figure, from Ahrnthal, Tyrol Fg. IG. -JR. 
OR. E ; % B=88' 18', very much resembling a cube, Fg. 17. =o R, -2 E. 
OE, Fg. 18, aiP2, ooR. OR. 4R. -2R; (dP2 ia striated parallel to 
the edge of R Fg. 19. Twin crystal; composition-face -^R, Compo- 
sition often repeated, Fg. 20, Twin ; composition-face co E. Fig. 21, 
Twin; composition-face R. Fg. 22. Twin; composition-face —^R. 
Fg 23. Twin, toB. -JB; oomposition-face OB Fg. 24. Twin, R3; 
composition-face OB Fg. 25. The same, witlv the modification 
iR3. Pig. 20. Twin; composition-face -2 R. Fig. 27. Distorted 
scalenohedron showing the twin plane E. Fg. 2S, Twin of same. Fg. 

29. Twin; 00 R. R3. composition- face R PI. XVIII, JSj. I, Twin 
ol Fg, 13, PL XVII. composition-face R. Fg.2. Twin, oorapoaition-face 
E, Fg. 3, Distorted form of Fg. 12, PL XVII, Fg. 4, Nail-head crystal 
from Przibram. Fg. 5, Prism terminated with R and containing inside 
R3 tippedwith a cubeof Floorite; Phenixville. Fg. 6. Prism rounded 
by iudistinct scalenohedral planes and completed with — JB coR; trom 
Bristol, CL Fg, T. The same in the more usual form, Fg. 8, R. 
OR, The basal planes being sunken, Fg. 9. Top of a crystal, Fy. 29, 
PI. XVI, showing the symmetrical arrangement of small crystals of Pyrito 
within the crystal, Fg. 10, The same as the preceding. 



Dolomite. 



Ca C-(-Slg fl, Hexagohai.. 



Sth, — Bilterspath, Perlspath, Pearl Spar, Braunspath, Brown Spar, 
Rhomb Spar, Tharandit, Chaux carbonotde maguesifere, Jliemil, 

It crystallizes as a rhombohedron, tlie angle of which, on account of its 
Tariation ia composition, oscillates between 106° 10' and 106' 20'. The 
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t very varied. 



form of tlie erjrstaU is 

rhombolitJron, whicli is quil 

are q(1«d curved, which, however, does not preyent the clenvage from 

being- perfHctly plane, and they are ot\en covered with a powder, which 

is DOl generally found on the plane faces. These faces do not ruflect the 

light ray well, and the crystals conseqnenlly have a pearly lustre, 

especially on the cleavage faces. 

It is rarely found in hexagonal prisms. The varieties wliich have this 
form are rarely ever pure, and geaerally show in their section hexagons of 
different colors. There is also found a rhombohedron, ^ R, which is 
always more or less distorted, and is not very easily recognizable. It is 
often rounded and bent into a saddle ehape to such an extent, that even 
the cleavage is affected. These crystals are not generally covered with a 
powder, but on the contrary have almost always a bright and pearly lustre, 
which has given to the minerml tlie name of Pearl Spnr. It is found in 
some localities as the rhombohedron -2 It, the faces of which are curved, 
and covered with a pulverulent coating ; but around the terminal angle the 
faces are plane, brilliant, and are not coated. It has a rhombohedrai clea- 
vage, which is much less easy than that of Calcite, bo iJiat the fracture of the 
crystal is ollen conchoidal. Its lustre is vitreous or pearly ; translucent, 
opaque. The colors of Doloraite are not very decided, usually grayish, 
brownish, white or black ; sometimes it is rosy, owing to the presence 
of iron, or manganese. A very rare variety, caUed Miemit, has a decided 
p-een color, owing to the presence of iron. H.=3.6-4. Gi=2.8-2.9. 
Composition, Ca G 54.35, Hg C 45.65. 

Dolomito is 8 double carbonate of Ca and lilg. Frequently the two 
carbonates are together Uom for atom, but most of the Dolomites which 
are found differ from this composition. In the analyses, however, of a 
large number of Dolomites, it will be seen that the composition oscillates 
around the formula, but many of the specimens contain more Ca or Sig 
than this. It is frequently associated witli other hexagonal carbonates, as 
Siderite and Magnesite. 

Pjrr, &c. B, P. Acta like Calcite, but with nitrate of cobalt the 
presence of &g can be ascertained. With acids, the Dolomite wjiich is 
near tlie type ootopositioo does not effervesce unless heated. With the 
others which differ more or less from this type, there will be an efferves- 
cence when cold, which will become less active as the compound changes 
to the type formula, when it will cease but goes on when heated. With 
a Kttle practice it will be easy to distinguish the effervescence produced 
by Dolomite from that of Colcite, as tlie former is always very much 
slower. 

It is also foundinbacillary masses which do not, however, resemble Cal- 
cite, It is usually a radiation of very small needles, making an angle of 
60° to 120°. It occurs to a very large extent in saccharoidal masHes, 
which in their erterior aspect, resemble Calcite somewhat, but their struc- 
ture is not quite the same. Calcite is made up of interlaced lamellie, 
resulting from the penetration of large crystals, while in Dolomite it is 
little crystals which are juxtaposed, and which feel under the linger like 
sand. The feeling is like that of passing the hand over a rough sandstone 
or over a rasp. It has been found compact and with a conclioidal frac- 
ture, but never earthy. It is frequently white, but it is never translu- 
cent on the edges. It is frequently colored black or gray by ()ituminoua 
substances, but it never has the odor of the fetid limestone. Dolomite, in 
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■whatever stBte it oecarSj might ba easily mistaken for Calcita but two Twy 
simple reautions wilt distinguish tliem. If treated with S to complete 
solution, there will be crystallized needles of iig S if it is Dolomite, 
but B powder of Ca S if it is Oalo5te. Or, after having driven off the by 
means of heat, it can be attacked by fJ ; if limo water is then added, a 
preoipitate will he produced if it is Dolomite, but none in the case of 
Calcite. The cobalt solution may also be used. It is found at LocIC' 
port, N. Y., Sciithfield, N. T., and many other placw in the U. a It is 
sometimes used for making lime; some varieties are used as marble. 
It is aliKi used in the manufacture of Epsom Salts. 

rOJUnjLM OF TDK CRYSIALa. 

PI Xvm. 

J^Iy. 11. R.-3R. OR. Ba oo P 2. JHj?. 12. Twiocrystal; 
R. -2 R. R. Composition face co R. Fig. 13. Secliwi of a crystal 
showing llie difTerent colored bands in the formation. J-lg, 14. R; faoest 
very much curved. Mg. 15. Saddlo-shaped crystal, -iR. 



Sth. — Schweratein, Scheelapath, Scheelin calcaire, Tungstate of Lime, 

It is always found crystallized, but haa many diBbrent crystaliioe types ; 
titey are generally octahedra, with a large number of modifications uid 
Bometimea two or even three octahedra of different orders. It is gen^lly 
white or gtay, with a very adamantine lustre. The crystals are freqmently 
hemitrope. It has aa octahedral cleavage, and a much more difficott one 
paraHel to the base. Its fracture is uneven. The lustre is adamantine or 
vitreous, sometimes bright and sometimes dull. It is rarely transparent, 
but frequently translucwit Its colors do not show much variation ; it is 
white, brown and yellowish; or greenish, when mixed wiUi foreign substan- 
ces. Streak, white. H.=4.5-5.& G.=5.0-6.076. Composition, Ca 
1B.4, ffeo.G. 

j^T. dec. B, P. It is fusible with difficulty to a transparent glass, 
and gives the reactions for W. In acids as in B, it dissolves with 
difficulty, leaving a yellow residue which is W. 

Its most distinctive characler is its density, for, of all non-metallic sub- 
stances, it is the heaviest Sometimes the crystals are quite small and cover 
ogangue which is usually Quartz. The octahedra 2 Po> are usually very 
aoDte, and have curved iacea. When the crystals are fomted in this way 
they are usually complete Btid seem to have penetrated into the gangue. 
The gangue has pre-existed however, for the crystals oiien make a crust 
which covers the surface of a crystal of Quartz, allowing the form to be 
distinctly seen. The formation of til is variety of Solieelite must have 
taken place under peculiar circumstances, which are totatlv unknown to 
us, carrying with it some corrosive action which has attacked the ganjrue. 
This fact is all the more remarkable, as this aangao is made up of bodies, 
which are usually considered as not attacked by moat of the agents at 
our command, as Quartz and Mica. It was found at Lane's Mine, Munroe, 
and Huntington, Ot., associated with Wclfram, also in Nevada and North 
Carolina. 
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WOBMXJLM OF THE 0BT8TALS. 
PIXIX. 

Fig. 1. P. The primitiye form, Mg. 2. P. |P. Mg, 3. OP. 
•J-P; often rounded. Mg. 4. P. 2 Poo; occurs frequently. Fig, 6. 
P. 2 Poo. 4P2j the last fonn is hemihedral. Fig. 6. 2 Poo. P. 
OP. 1^.7. 2Poo. P. iP. OP. 1^.8. iP. P. 2Poo. fPoo. 
4P2, in which 4 P2 occurs as a right octahedron of the third order. 
F^. 9. P. 2 P 00. 4 P 2. I P 3 ; the latter as a left octahedron of the 
third order. Mg. 10. Interpehetration twin crystal of the preceding 
combination, 

Braclte. Mg fi. Hexaoonal. 

Syn. — ^Nemalite, Hydrate de magn^sie, Texalith. 

The crystals are generally tabular in form and are combinations of the 
rhombohedron and base. They cleave easily parallel to the base and are 
flexible but not elastic. Its lustre is pearly or silky ; translucent or opaque. 
It is sectile. Its colors are white, gray, blue or green. Streak, white. 
H.=:2.5. 0.=2.35-2.46. Composition, % 68.97, fl 31.03. 

Pyr. Ac. B. P. Swells and becomes opaque, giving very bright 
lustre to the flame ; it is however infusible. With cobalt solution, it gives 
the characteristic color of "Sig. It sometimes becomes opaque, absQdoing 
from the air. When pure, it is soluble in acids without effervescence 
or residue. 

Resembles Talc, and feels soamr t» Ae touch. The blowpipe will 
distinguish it, forBruoite swells, while !tatc does not. It is also soluble in 
acids, while Talc is not. It is found as Nemalite af Hoboken, N. J. 
Large crystals are found at Woods Mine, Texas, Lancaster Co., Pa. It also 
occurs in crystals, lamellae or fibers associated with Serpentine and Chro- 
mite. 

FORMTJL2S OF THE ORTStALS. 
PI. XIX. 

Hg. ll! R. OR. 2 R. Fig. 12. R OR. -4 R -JR. 

Epsomlte. "SlLg S+7 iSf. Orthobhombic. 
Byk. — ^Epsom Salt, Bittersalz. 

Crystallizes as a right rhombic prism of 90* 34'. Its forms are usually 
hemihedral, generally sphenoids. It has a cleavage parallel to the brachy- 
pinacoid. Its histre is vitreous ; transparent, translucent ; color and streak, 
white. H.^2.25. ©.=1.686-1.751. 

Pyr. See. B« P. Griiief off water in a'tub& and dissolves in its water 
of crystallization. On Ch., fuses and gives an infusible mass ; very soluble 
in iSf, and has a bitter taste. 

It is found in certain localities, especially in Spain, in long pantile) 
fibrous masses, which become detached in the air, and lose a portion of 
their water. It resembles Mirabilite, but is distinguished by the addition 
of Ume water, or an aflHriine carbonate. It is also found in fibers 50-60 
c. m. in leugth, which fbritt in cavities. Also in the limestone caves of the 
west^ particularly in the Mammoth Cave, Ky. 
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rOBMUUEE OV THS ORTBTALS. 
PI XIX. 

Fiif. 13. ooP. P. Fig. 14. oo P.-^- 

Bora<)lte, Mg' B^ i Mg CL IsoxBTBia 
Stn. — ^Magn^sie boratde, Borazit. 

The crystals of Boracite are remarkable for their hemihedry. It occurs 
sometimes as the cube and tetrahedron, FHg, 15, PL XIX. sometimes as the 
cube, tetrahedron, trigonal trisoctahedron, and rhombic dodecahedron. 
Sometimes it is found with the cube, tetrahedron and rhombic dodecade- 
dron, but rarely with the cube and rhombic dodecahedron without the 
tetrahedron. This constant hemihedry is accompanied with peculiar 
physical properties, the mineral being pyroelectric in the highest degree. 
It IS almost constantly associated with Gypsum and sometimes with Anhy- 
drite. Its fracture is conchoidal, but tne fracture of the crystal some- 
times shows traces of cleayage parallel to the octahedron. . Its lustre is 
vitreous, sometimes very decidedly so in ' the transparent varieties. It is 
generally transparent or translucent, but sometimes opaque. Boracite is 
generally colorless, tliough occasionally it is gray, bluish or greenish. The 
streak is white. H.=7, in crystals, but only 4, when massive. G.s= 
2.913-2.974. Composition, fi 62.6, IJIg 26.8, Mg 01 lO.a 

P}'r. dec. B. P. Gives off water in a closed tube and is fusible with 
intumescence to a globule, coloring the flame ^een. The bead on cooling 
becomes covered with crystalline needles; this is quite peculiar to Bora- 
cite, only one other mineral, Pyromorphite, doing the same ; from which 
it can be easily distinguished by every other chemical and physical char- 
acter. It is soluble in acids without effervescence, and this solution colors 
the alcohol flame green with B. 

FORMULJR OF THE CRT8TAL8. 
PkXJX. 

O 

Fig. 16. ooOoo. -n" P^* 16. ooOoo. ooO. -o"' The most usual 

* 

form. Fig, 17. ooOoo. ooO. -g- --2" ■^- 18. 00 O. --g- -j-- 

202 ^00 

ooOoo. ---2~' Ftg, 19, -g- ooOoo^ 00 0. Fig. 20. "2"' """2"' 

60* O 202 

ooOoo. ooO. —^' Fig, 21. ooOoo. ooO. -^^ ""2"' ""a"* 

MagnesUe. Mg 0. Hbxaqonal. 

Syn. — Magnesie carbonat^e, Breunnerite, Talkfpath. ' 

The primitive form is a rhombohedron of 107** 29'. The angle is 
▼ariable, as tliere is usually some te or Ca present. It is generally crys- 
tallized, and the crystals are usually imbedded in some ^angue, generally 
talcose •schist or Chlorite. They are generally the primitive rhombo- 
hedron, with a basal termination and the faces are often rounded. It has 
an easy cleavage parallel to the faces of the rhombohedron. Fracture, 
conchoidal or flat ; lustre, vitreous or silky ; transparent <^>aque. Color 
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white, yellow or brown. H*=:3.5-4.5. O.=3.-3.08. Composition, C 
54.4, fig 47.6. 

Pyr. dec. B. P. Heated in a closed tube, it gives off water, and 
acts like Dolomite. It is more easily soluble in acids than Dolomite, but 
it must be heated to effervesce. It is infusible, but glows intensely (Mg). 

The color is white, if the carbonate is pure, but it is generally brownish 
or reddish, on account of the presence of iron or manganese. It is 
found in many localities in the TJ. S.^ and is much used for making Epsom 
Salts. 

Spinel* ]S[g £1. Isometbio. 

Syn. — Pleonaste, Ceylonite, 

It occurs generally in octahedra, but more rarely in rhombic dodecahedra, 
which sometimes show modifications of the tetragonal trisoctahedra. The 
octahedra are very frequently flattened parallel to the faces of the octahe- 
dron and are very often hemitrope. The cleavage is parallel to the octa- 
hedron. Fracture, conchoidal ; lustre vitreous or dull ; transparent, opaque. 
It has a great variety of colors, which are generally shades of red, Hue, 
green, brown, yellowish brown and black. The red Spinel is sometimes 
called the Balas ruby, and contains alumina, magnesia and chromium. 
The chromium is in the allotropic condition, which gives to its salts their 
red color. The crystals sometimes contain traces of manganese, which 
gives to them a somewhat violet color. Its streak is white. H«=8. G. 
=3.5--4.9. Composition, ^1 72, Mg. 28. The magnesia may be replac- 
ed by lime, iron, maganese or zinc, separately, or in combination. 
Alumina generally takes the place of a base, in Spinel however, it plays 
the part of an acid. Spinel is not really a mineral species, but is rather 
the name of a family of minerals, which are similar in composition and 
crystalline form, and probably in the conditions of their formation. They 
all group themselves around the oxygen ratio of 1 : 3. The S is some- 
times £1 and Pe, and sometimes Ti, which seems, with some ]K, to play the 
part of S (k Ti=S). It has been decided to include under the name of 
Spinel all those substances in which £1 predominates, the other S being 
in variable proportious. Those which contain Fe are Spinels, but are also 
minerals and ores of iron, as Magnetite, Chromite, Franklinite, &c. We 
shall consider them under iron. 

Pyr. &c« B. P. Infusible, but changes color. Soluble in Borax 
and Salt of Phosphorus. Soluble with difficulty in concentrated B. 

The white or violet blue variety is called Saphar, the predominating base 
of which is Mg. The blue color seems to be owing to'iron, which is found 
both as te and 9e. It is largely found in this country in a calcareous 
gangue. The black Spinels contain iron only, either as an acid or as a 
base. Their real color is green, more or less intense, which distinguishes 
theni from Magnetite the cJolor of which is black. These crystals some- 
times attain an immeue size^ and their. interior is often hollow or caver- 
nous, which, however, does not alter the form of the crystal. They are 
also found disseminated in chloritic schist, in which case it is not very 
easy to distinguish them from Magnetite, which is found in the same as- 
sociation and with the sape form. The color of the powder is the besi t^t. 
When the Spinels contain zinc they are known under the name of 
nite. Their usual association is chlorite slate, but, as the color of 
powder does not differ from the othersi a blowpipe test is required to 
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tlnjfulitk tlicm. The bLsoIc is less hard than the bine varietj, and the bine 
tluii the rr<l. Mamctite, is slill less hard, it being between Quartz and 
Flaorite. Tbe blade and cometimes tho blue varieties of Spinel are fbimd 
iu flranulNr masses, which are slightlj lamellar. All of the Spinels are in- 
t\i«ible. which will distingui^ them from all granular masses, except the 
railianja of the Chrysolite group, from which the action of acids wilt give 
Kn OMV ilislinDtioQ. There will be no deposit of gelatinous silica, and more- 
AVer mfi Spinels are not soluble in acids, except that of iron which is onlj 
tliuolved wiCli difficulty, when heated in HOL and never in H. Tbe 
(lolor of these masses usually resembles the color of other granular masGes. 
It ii JUIinguished from GUmet by its fusibility, from Magnetite by not 
being attracted by the magnet, from FrankUnite by giving no reaction for 
KiDO. Very large black crystals have been found at Amity and Alunroe, 
N. v., and Franklin, N. J. Small gray crystals, at Hamburg and Vernon, 
N. J. Blue crystals at Antwerp, if. Y., and at many other localities in the 
U. 8. The varieties used in the arts are usnaliy brought to this country 
Boparated from their ganguea. They come from the East, especially from 
OeylDn and Birmah. These Spinels are used by jewelers, and are 
oatled Balas ruby; they arc much less esteemed than the oriental ruby. 



Pi XTX. 

JTj. 22. O. Flff. 23. 00 0. Mg. 24. O. od O. Hgs. 25 and 26. 
Distorted forma of O. PI. SX. I^. 1. 0. to 0. 3 3. IXff. 2. 
Twin crystal ; compoaition-face 0. Fip. 3. Twin crystal Fiy. i. Dis- 
torted fonn. Fiff. 5. co O. 0. 2 02. Form of Pleonaste. 

ALVMIXICJJH. 

Corandum. £1. HsxAooifAi'. 

SVK.— Corindon, Sapphire, Euby, Oriental Amethyst, Smii^el, Emery. 

It crystallizes in a rhombohedron of 8(1° 4', which very much resembles 
a cube. It is isomorphons with Hematite. It is sometimes found in 
rhomboheitra, but generally it is truncated at the base so as to resemble 
a regular octahedron, differing however in the angles. 
1 A 1=86° 4' 
OA1=122°20' 

This is nsually seen in the stony varieties, where the rhombohedral 
cleavage is very marked. It is generally found in hexagonal pyramids 
which sometimes show the bosnl cleavage ; the faces of these crystals are 
covered with unequal striations, which are parallel to the base of the 
hexagonal prism. The prism is sometimes found, especially in the earthy 
varietiea, and frequently has Che ^aces of a rhombohedron upun it. Tbe 
liHiMt of this crystal is generally Striated and shows a play of colors, and 
when polished usually shows a six-pointed star. It cleaves parallel to 
Ills tuise and the rhombohedon. Sometimes the rhombohedral, and some- 
(IlliM the basal cleavage is the easiest. In the transparent varieties the 
tuwat ulvavage is usually the most prominent. Tiie fracture is unequal or 
Mliolioldal ; sometimes lamellar. Lustre, vitreous, sometimes pearly on the 



>|id occasionally showing a bright opalescent star of six rays 
liHt nf thu axes. Transparent, translucent to opaque. C ' 
\<\i\*t [Hif[ili>i yollow, brown, gray and white. Streak, colorless. 



Ml 



Transparent, translucent ti 
irown, gray and white. St 
W,»a.lHlll-'4.'lO. Composition, Al 53.4, O 40.6. 



I. Color, red, 
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Pirr* dec. B* P* It is infusible. After heating with nitrate of 
cobalt^ it becomes blue (£1). It becomes electric by friction, and remains 
so for some time. Reduced to powder, it yields an argillaceous odor 
When breathed upon. It is not acted upon by acids. 

Next to the diamond, it is the hardest of all known substances and 
is used for pointing the tools which are used by jewelers in cutting other 
stones. It has very many colors, sometimes it is limpid and colorless, and 
is in this state used to imitate the diamond. The clear colored varieties 
are called by the jewelers oriental stones, and have a very great value. 
According as they are red, blue, green, violet or yellow, they are the ruby, 
sapphire, emerald, amethyst or topaz. It is also found stony with the 
same colors. It occurs also in crystalline masses, made up of crystals, 
which are often very large and more or less irregular. Their color is 
generally blue, with a greenish or brownish tinge. It is also found in 
granular masses, made up of little grains which are crystaUine, and which 
are bluish or reddish. When massive, it is known as emery. In this 
state, the 3tl seems to be associated with sesquioxide of iron. These 
masses are usually dark brown, with a grayish powder, in which red and 
blue grains can be seen with a glass. In Uiis state, the hardness is about 
the only characteristic. The density being 3.9-4, it can be distinguished 
from every other earthy substance which has this aspect. It cannot be 
mistaken for a metallic oxide. The different varieties of Corundum are 
much used in the arts. A perfect ruby of Si carats is as valuable as a 
diamond of the same size. Large crystals of sapphire, some of them 
semi-transparent, have been fbund at Newtown, N. J. Imperfect rubies 
have been found at Warwick, N. J., and bluish crystals in Delaware and 
Chester Counties, Pa. 

FORMULiS OF THE CRYSTALS. 

Fig, 6. R * OR. Mg, 7. i P2. Mg, 8. f P2. OR. Fig. 9. 4P2. 
Jt'ig. 10. tP2. R. 00 R. Fig, 11. 4P2. OR. R. Fig. 12. 9P2. 
4P2. I P2. OR. R. Fig. 13. oo P2. OR. J P2. R. Fig.l^ oo P2. 
fP2. |P2. -2R. 

IHaspore. ^1 £[. Obthorhombio. 

Its form is a right rhombic prism of 93° 42'. It is rarely found in dis- 
tinct crystals, but rather in crystalline masses. It is isomorphous.with 
Gothite. The crystals of Corundum which are found in Dolomite are 
frequently covered on their edges with dark crystalline filaments^ which 
consist of Diaspore. It sometimes occurs crystallized, especially at 
Schemnitz, in Hungary, and at St. Gothard, Switzerland. These crystals 
are very small, and are in a talcose or aluminous gangue, and show re- 
markable dichroism. Its cleavage is easy, parallel to the brachypinacoid, 
so that the crystalline masses are always lamellar. Its lustre is vitreous 
on the faces, but pearly on the cleavage. Translucent or opaque. The 
colors of Diaspore are not very marked; they are grayish, greenish, 
yellowish, brownish and purplisL The yellow, red and brown colors are 
owing to iron, which may be hydrous or anhydrous, and which is interpos- 
ed between the lamelle. By digesting the mineral in HCl, this color may 
be dissolved out Sometimes ttie crystals are trichroic, being violet-blue 
in one direction, purplish-blue in another and pale asparagus-green 
in a third. H.=6.5-7. 0.=3.3-3.5. Composition, il 85.1, H 14.9. 
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Pyr* &c. B. P« It gives off water. It is infusible, but after beat- 
ing, it becomes soluble in concentrated S. • It is one of the few substances 
which has this peculiarity. It is not attacl^ed by acids, but if the powder 
is heated in a tube it swells and gives off water, and when it no longer 
swells it can then be attacked. 

It is quite fragile, and is usually found in little veins in emery. These 

are mostly crystalline ma^es, showing the cleavage parallel to ooroo, 
and a pearly lustre on this cleavage. The crystals are often bent in the 
direction of the vertical axis. Externally, Diaspore might be confounded 
witJi Cyanite, Pyroxene, Amphibole and Feldspar, but a blowpipe test 
easily distinguishes it. Pyroxene, Amphibole and Feldspar are fusible; 
Cyanite is infusible, but does not give off water. It has been found at 
Trumbull, Ot., associated with Topaz, and at the emery mine, at Chester, 
Mass. 

FORMITLJR OF THE ORTSTitLS. 
PIXX, 

Fig, 15, 00 Poo. ooP. ooP3. P. 2'P2. The faces of P and 
2?2 are usually curved. Fi^. 16. Horizontal projection. ooPoo. oo P. 
00 F3. P, 2P2. 2poo. "^ 

AlamiiiUe. £lS+9£L 
Syn. — Websterite. 

It never occurs crystdlized. It has an earthy fracture and a duH, earthy 

lustre. Its color is white, and it is entirely opaque. H«=l-2. 0«=1.66. 
Composition, ^tl 29.8, S 23.2, fi 47.0. 

Pyr* See. B. P. It is infusible. In a tube, it gives off !S and, at a 
higher temperature, B. It dissolves in acid without effervescence and 
without residue. It is insoluble in water, and has no argillaceous odor. 

It is fouud in certain argillaceous beds, especially at New Haven, in Eng- 
land, in white, mamelonated masses, which are sometimes oolitic or even 
earthy, resembling chalk. 

Alano^en* ^1 B'+18 £[. MovocLnno. 

Syn. — Keramohalite, Haarsalz. 

It is found in tabular crystals or in masses, in which some crystalline 
fibres are visible, but the crystals are never well defined. Lustre, vitreous 
or silky. Translucent Color, white, yellowish or reddish. 0.= 1.5-2. 
0.=1.6-1.8. Composition, 3tl 15.4, S 36.0, fi 48.a 

Pyr. dec. B* P. Heated in a tube, gives off £[ and, at a higher 
temperature, B. With nitrate of cobalt, becomes blue. It is soluble in fl. 

Tnese masses are usually white and silky, and have a peculiar, styptic 
taste. When fresh, it is white, but^adually becomes brown on the frac- 
ture, owing to the decomposition of some of the sulphate of iron, which 
it almost always contains. It occurs in mines and elsewhere, formed by 
the action of P3rrites on the rocks. It is also found in volcanic regions, 
covering the sides of cavities, and is usuallv perpendicular to them. It is 
found as an efflorescence in many places lU the United States. 
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Alnntte. &B+3£l5+6£r. Hbxaookal. 
Stn. — Alaunstein, Alomstone. 

It ciystallizes as a rhombohedron of 89* 10', which is consequenUj yetv 
near a cube. It has an easy basal cleavage, which is usually curyed. 
The fracture is conchoidal or uneyen; sometimes splintery and often 
earthy. Transparent or translucent. Color, white, grayish or reddi^. 
Streak, white. H* =3.5-4. 0« =2.58-2.762. The composition is not 
constant, but varies around the formula. Composition, £1 37.13, 5 38.58, 
i 11.34, £[13.0. 

P|rr* &c* R, P* Decrepitates, but is infusible, and in a closed 
tube it yields water and sometimes KlQ^S ; and at a higher temperature S 
and 5. It then becomes partly soluble in water, giving alum and leaving 
SL It is insoluble in water, but soluble in acids, frequently giving gelati- 
nous silica, which however does not appear to be in a«tate of combination. 
Sometimes a >part of it is soluble in water and this is generally alum. 

A substance which resembles Alunite in composition, but which differs 
from it in external characters, is called jaspery Alunite. It is a kind of a 
sUte having variegated colors, which are sometimes in parallel bands and 
sometimes disposed in an irregular manner very much resembling Jasper. 
Alunite is usually found in concretionary, mamelonated and cavernous 
masses, of a yellowish or brownish color. Its cavities are usually covered 
with points of crystals, which cannot be seen without a glass. It is some- 
times fibrous. It is the product of the reaction of HS and the vapor of 
water, which are given off from certain volcanoes, on the surrounding 
rocks. nS, by oxidation, yields B which attacks the rock and the silica is 
set at liberty and gelatinizes, the S combining with the £1 and alkalies of 
the rock. This sometimes produces the massive, and sometimes the jas- 
pery Alunite. When it is jaspery, it is anhydrous. It resembles certain 
decomposed varieties of Quarts, but is distinguished by its hardness : from 
Apatite, Fluorite, Calcite, Barite and Celestite, it is distinguished by the 
action of acids and the blowpipe. The density will also distinguish it 
from the last two. Its infusibility and complete solubility in acids with- 
out forming gelatinous silica are its most distinguishing characteristics. It 
is used for making alum. The rock, after roasting, is lixiviated and the 
alum collected by crystallization. Jaspery Alunite is so hard that it is 
used in Hungary for millstones. 

FOBMULJB OF THE 0RTSTAL8. 

PtXX, 

Fig. 17. R. Itg. 18. R. OR. Fig. 19. R, -2R. JR. f R. 

Kallnlte. & S + £1 S' + 24 ]Q[. Isometrio. 

Stn.— Alum, Kalialaun. 

It is usually found in fibrous or compact masses and crusts, and is gener- 
ally a product of the decomposition of Pyrites in contact with clay. Its 
lustre IS vitreous. Transparent, or translucent. Color white, usually stain- 
ed. Streak, white. Hw=2-2.5 G. = 1.75. Composition, fe S 18.4, £l B 
36.2, fi 45.4. 

Pyr. dee. B. P* Fusps in its water of crystallization, and forms 
a spongy mass. Shows the alumina reaction with Co j^. Soluble in 16 to 
20 times its weight of cold water and about its own weight of boiling 
water. 
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There are a very large number of alums found in nuture, the priocipal 
bases of wliich are, besides K, Hh*, Sa, ilg, Pe, J"e and SIq. Most of 
them are isometric in their forms, but they are generally found as fibrous 
gr silky tufts. It ii found abunduitly in Maryland and Tcnueaaee. 

Cryolite. 3 Na F+Al' P*. Tbklimio. 
Syn, — Eisstein, Alamine fluatfe alcaline. 

It crystallines aa a doubly obligue rhombic prism of 88° 30', and has a per- 
fect basal cleavage. Its lustre is vitreous or sliehtJy pearly, and ia neariy 
the same on the three clearagea as on the crystal. Its fractare is lamellar 
or acaly. It is generally white, and has about the Fame kind of lustre as 
a steanne candle on the fracture. IE is sometimes colored slightly red, or 
may be even brick red, when it is mixed with partially altered Siderite. 
OccBsionally it is black. U.=2.5. ©,=2.9-3. Composition Al 13.0, 
Sa32.8, FI54.0. 

PIT. &C. B. P. Heated in an open tube, it gires up H R Solu- 
ble in S, giving off H Fl. It is easily fusible even in the flame of a can- 
dle, without the aid of the blowpipe. If it is then throww into wi^er, 
there seems to be a commencement of decomposition, for an alkaline car- 
bonate or lime water throws down SI. This mineral, which within a 
few years has acquired a certain importance from its commercial usee, 
has only been found in Greeidand. 

FOBMULA OP THE OBTSrALS,' 

PI. xs. 

S^. aO- !oP. p. 2F2. ?co. OP. Prism is marked with striw 
pm-allcl to the edges between coP and ¥ eo and coP and P, as eho«ii 
by the dotted lines. ITg. 21. Twin crystal ; composition-face » P. The 
form of these crystals ia orthorhombio, but cryolite has been lately deter- 
mined to be tnclinic. 



Tnrquoia. 



51* P + a 



Sra.— Turkis,' Calaite. 

It is never crystallized, but is found in amorphous masses, which aom&- 
timesjiave the appearance of being little fibers in a gaiigue. It is also 
found mamelonated. There is always a little lime, manganese and iron, 
mixed witli the SI and il is sometimes colored by an hydrate of copper. 
Its fracture is conchoidal ^nd unequal. It is hardly ever transparent, eren 
on the edges of thiij scales. It is azure-blue, greenish-blue, or light 
green. Its color becomes altered in the air, if it passes frequently from n 
dry to a damp place, especially if the temperature is changed. The color 
is then, in the commercial phrase, killed and it becomes green. Its streak 
is white or greenish. H.=6. G,=2.6-3.83. ComposiUon, P 32.6, SI 
46.9, S 20.5. 

PTJ". *c. B. p. It is infusible. In a tube, it decrepitates, 
yields B and turns brown or black. It colors the flame green. With 
borax, it affords the colors of iron and copper. In acids, it dissolves com- 
pletely and gives to the solution the colors of copper. 

Under llie name of soft Turquois, a substance is used by the lapidaries, 
which has no real relation to the mineral: its true name is Odontolite. 
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It is a bone phosphate of lime ; generally bones, or fibers oF any bone, 
which have been eubjected to in&ltrations of salts of eopper, and hea 
about the same lustre is Turqiiois. It is found abundantly in the Ur»la 
and to some extent in France. The oriental Turquois is much esteemed 
as an ornament, but h&s no Tery great value. It comes from the east, 
generaJiy from Kichabour in Persia, An impure Tariety is found in 
Saxony and also in Kevada. 

WaTelllte. 'il' P*+12 &. ORraoBHOHBia. 
8rK. — Striegisan, Alumine phosphates. 

It ciystallizes in a right rhombic prism of 126° 35'. Its Gleavaeen are 
parallel to the prism. Its crystals are very rarely capable oi being 
measured, and are generally only very fine needles. Its. lustre is vitreous, 
pearly or resinous. Color white, gray, green, yellow, brown and black, 
with every gradation of intensity, li. is oden translucent. H. =^3.25-4. 
G.=2.337. Composition, P 34.4, SI 37.3, fi 28.3. It sometimes ooutwns 
a little fluorine. 

Pfr. See. B. P. In a closed tube gives ofl' fl and sometimes 
reacts for FL Swells up, becomes of lighter color and splits into fine parti- 
clea which color the flame green, but remains infusible. Gives off H Fl 
■when treated with S. It is soluble in H CI and caustic potash. 

It generally covers the sides of cracks in schistose rocks. It is gens- 
rally found in little spherical mamelons, which are made up of converging 
crystals. The ends of these fibers show microscopic crystals which have' 
a velvety lustre and which is quitfi characteristic. The radiation of these- 
mamelons is exceedingly regular. It is sometimes found in concentric 
zones, similar to a variety of Natrolite from Swabia and it sometimes re- 
sembles certain forms of Aragooite. On a whole specimen, it wilt be 
easy to make the distinction of the termination and velvety look of 
Wavellite, but, when the specimen has been broken, recourse must bs- 
had to acids. It is more difficult to distinguish it from Natrolite, but 
acids give the distinction, for the tatter gives gelatinous silica and melts 
to a globule, while Wavellite is entirely soluble and swells without 
fiising. Wavellite is found at Bellow's Falls, N, H., at the Washinglon 
mineL N. 0., in Tork Oo.. Pa., and as stalactites at Steamboat, Chester Co., 
Pa. 

TOWIBI.X or 
FLXX. 

Fig. 22. ooP. Pot. aoftn. 



I 



Chrrsoberrl. B 

Stk. — Cymo ph i 



: XI, OfttHOB&OUBlO. 

ae. Alexandrite. 



It crystalliiius in a right rhombic prism of 129' 38', It is one of those 
limit forms, which resemble the forms of the hexagonal system. Th& 
crystals frequently contain chromium and are usually small, though they 
sometimes attain considerable size. They show a remarkable dichroiam, 
being green perpendicular to the bwe and blood-red parallel to it. It is 
also eieeptionally red, probably owing to chromium in another allolropic 
condition It is always found crystallized and is isomorphous with Chryso- 
lite, liaving forms very much resembling it The combination I^ff, 4, is rare. 
The crystals are usuuly macled 2 by 2 or 6 by 6, and the macropinacoid A 
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then Tery much striated in these composite crystals. They do not shew 
reentrant anglea as the angle la so near 120°. The 2d form, ftg.&, Is not so 
rare. Crystals, which eie found in the fracture of'the rock, show very 
tliin lamellBS. They are mostly asBOciated with Calcite, Feldspar or Gamet, 
and sometimes with Pyroxene. The color of these varieties is iiHually 
jeilow or greenish-yellow. The third form, Hgi. 8, 9, 11. ia pecolisr to 
crystals of the chrome variety. Ghrysoberyl only shows traces of clea- 
vage, which are parallel to the faces of the brachydome. Ita lustre ia a 
peculiar vitreous one. It has pearly reflectioiis and opaline tints, which 
are produced by interior fractures. Its fracture is conchoidat and vitreous. 
It is often transparent but sometimes only translucent. It ia soinetimeB 
opaque. When it is transparent, it ie always yellowish or greenish. Its 
colors are varied. It is sometimes pale yellow, sometimee yellow, at 
other times the color is dark green, nearly opaque. This color is owing 
to gesquioxide of chromimn, which replaces a certain pkrt of H and is iu 
the allotropic condition, in which it gives a green color. Streak, colorless. 
It is sometimes considered as an aluminate of glucina, the oxygen ratio 
of which is the same as that of Spinel, 1 : 3. The crystalline form, how- 
ever, is not the same. We can hardly consider H as isomorphous wiUi 
A; It is rather with the aeries B, as £l,¥e,€r. H. = 8.5. Ci. = 3.6-3.84. 
Composition, Be 19.8. SI 80.2. 

Pyr. &C, B. P. It is infusible, and is not acted upon by acids. ■ 
It ia found in Brazil and Ceylon as rolled pebbles. A blowpipe assay is 
necessary to distinguish them. It is found in the XJ. 8. at Baddam, CL, 
Greenfield, N. Y. ; Orange and Summit, VL, and Norway, Me. 

FORMULA OF ' 



PI XXI. 

Fig. 1. taPcD. mFoo. Fee. The face o) P co is vertically striated. 
Fig. 2. coP2. coPoa. ooFos. P. Fo=, Fig. 3, The preceding, 
witii 25*2, Mg. i. The combination Fig. 2, with oo?|. Fig. 5. 
ooPoj. a.Fo=. Poo. P. 2'P2. C0F2. co¥3, ji'G (e)._^ Fig. G. 
Twm crystal; composition-face sFco. Fig. 7. coPoo. coPro. P, 
2P3. Fig. 8. Twin crystal; composition-face SPco, made up of 
pacts by the crossing of 3 crystals, united along the dotted lines. Figi. 9, 
10, 11. Twincrystala; composition-faceSPco. Figi. 12, 13. Twins, 
made by the crossing of 3 pairs of twins, each section a pair twinned by 
3 P CD and united to the next p^ by co ¥ <». Fif, 14. Twin ciystal 
umikr tOiF%: 8. 



Iron. Fe. Ibometbio. 

Sts. — Gediegen Eisen, Fer natif. 
It iiae .an octahedral cleavage, a very hackly fracture and a metallic 
ilustre. Ita color is iron-gray, and its streak shining. It is ductile and 
is attracted by the magnet, H.=4.5. C.=7,3-7.8, It contains variable 
quantities of other substances, principally nickel, associated with a small 
proportion of cobalts The quantity of nickel may vary irom 1 to 20 per 
cent 
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Iron is supposed Ui have been found in nature, in a pure metallic staK, 
in eertaiu mines of Pyrites. Proust analysed Beverol specimens of 
tins chaniater and found them to be perfectly pure. Some specimeiu 
anidyiied have since been proved tfl be artiBcial Since this time, it iua also 
been found in a mine in Dauphin£, Auvergne and Brazil ; but such iron ia 
exceedingly r»re. It has been found in petrified wood, produced probablr 
by the rediiolion of a salt of iron by the organic matter of the wood. It 
is found native, as grains dieaemiaated throu^^h volcanic rocks, at the 
Giant's Causeway and in Auvergne. It is easy to prove its presence by 
dipping the rocks into a solution of Ou S, when the rock becomes coated 
with copper. 

The usnat way in which native iron is found, however, is in Meteo- 
rites. The authenticity of Aerolites was admitted only at the close 
of the last century, after the Aerolite of Tuscony in 170i and those 
of L'Aiglo in 1803 had been found. They are generally of two kinds. 
They may he en'.'rely composed of iron, which is metallic. This iron is 
associated with ciiromium, nickel, and sometimes with cobalt, manganese 
and sulphur. When these masses are polished and treated with acid, 
they show the traces of crystaltization. Sometimes they are associated 
with, bituminous substances. These masses are ordinarily spongy, the 
cavities being always filled with Chrysolite, or substances analogous 
to it. The 6tbbs meteorite in Yale College weighs 1636 lbs., the Tucson 
at the Smitlisonian Institute, I,10t) lbs. Two in S. America are estimated 
as weighing, the one 32,000 lbs., and the other, 14,000. The Pallaa 
Meteorite, which contains crystals of Chrysolite, found in Siberia, weighed 
1,600 lbs. Other Meteorites, on the other hand, are of a stony character 
and contain the iron scattered through them, in little bunches. The exte- 
rior of these masses is generally scorified and covered over with a coat- 
ing, which seems to have been melted on the surface. The earthy part is 
partly soluble in acids, deposiUng gelatinous silica and it appears to recall 
the composition of Chrysolite or of Labradorlte. The insoluble part 
seems to be allied to Pyroxene and to Orthoclase and Albite. The iron 
is always more or less altered and may be allayed with other metals, 
which as before are chromium and nickel They also contain phosphuret 
and sulphuret of iron. These Aerolites are sometimes very large ; some 
hare been found to be several thousands of pounds in weight. In 
Auvergne, maeses of volcanic origin are found, which contain some iron 
partly oxidized. This Iron has been produced by reduction of an oxide, 
probably in the same way as we produce it in the laboratories. 

Maguctlte. ^e, Pe. Isouetric. 
Syjt. — Magnetic Iron Ore, Magneteisenstein, Magneteisenerz, Fcr oxyduliS. 
The crystals of Magnetite are generally octahedral in their form ; they 
are not often complete, but are generally attached to the mass which con- 
tains them which may be compact Magnetite, Slate, Chlorite or Serpentine. 
The octahedra are sometimes in twin crystals. The octahedron is often 
associated with the rhombic dodecahedron, which sometimes predomi- 
nates. The faces of the rhombic dodecahedron arc always striated 
parallel to the long diagonals of the rhomb. The crystals are sometimes 
very large and these strife become so marked, that they appear like steps. 
Tlie cleavage is parallel to the octahedron. Its fracture is conchoidal, 
generidly unequal and sometimes qnite lamellar, or granular. It is often 
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compact in the uncryatallized varieliea. On ite natural faces, it has a 
semi-metallic lustre. It ia generallj' opaque, but in dendrites is sometimes 
transparent Its color ia black, and the streak also block. II.=5.5^.5, 
0.=4.9-5.2. Composition, 27.6, Fe 72.4. Magnetite haa the 
fimnula fe Pe, which is sometimes written Fe', It Li a Spinel of iron, or 
a ferrite of protoxide of iron. Like all the Spinels, it crystallizes in the 
isometric system, in forms which are derived from the octahedron, to 
which form its cleavage is paralleL 

Pjrr, ace. B, P. It is liisible.with difaculty. It is insoluble in ft, 
but la with difBcultj soluble in hot HCl. It is magnetic, and often baa 
polar magnetism, especially when in large bodies. 

Magnetite is ollen found in granular masses, made up of small crystals, 
which separate sometimes with the alighteat effort of the finger. It some- 
times bappena that these grains are covered on the surface with a super- 
ficial coatmg of oxide, which makes them iridescent. Such ore is ciled 
thot-»n by the miners. These granular varieties bj Ihe action of the ele- 
ments often t>ecome a fine black sand. Such sand is the only ore of iron 
in New Zealand, and it is found on Uie sea-shore, where the constant ac- 
tion of the water has washed out the impuritiea and made it quite pure. 
Granular Magnetite ia often found disseminated in large or small quantities 
through certain rooks, such as Serpentine and Dolomite. It ia sometimes 
in sufficient quantities to affect the magnet, and often deceives those who 
do not understand the extent of the deposit. In schistose rocks, Uagne- 
tite is otlen found in quite large masses which have the Ktructuro of the 
rock. Buch masses are probably of metamorphic origin. Magnetite is 
sometimes found in entirely compact masses. These masses are sometimes 
very pure and make an excellent ore of iron for the manufacture of steoL 
Sometimea they are very impure and are mixed with Specular Iron, 
Pyrite, Uenaccanite and Quartz. When Magnetite has polarity, it is the 
Batural magnet. It is dietinguifhed from all the minerals which it re- 
sembles by having a black streak, and by being magnetic. It is one of 
the most important iron ores. It is found largely m the states of N, Y, 
and N. J. and in other localities in the U. S. 
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I^. 15. O. lig. 16. 00 ; the faces are striated parallel to the 
longer diagonal. JS?. 17. « 0. O, ooOco. JTj, 18. Homitrope, 0. 
Mg. 19. coO. 0; showing the striations; from Haddam, Ct. Jw. 20. 
ooO. ooOco. O. 303 50J; Aohmatowsk. 



Frankllnlte. 



Cte,](In,2n) (SB,Sn). Isometric. 



It crystallizes generally as octahedra with small faces of the rhombic 
dodecahedron. It has an indistinct octahedral cleavage. Its fracture ia 
oonchoidal. Opaque. Color, black. Btreak, dark reddish brown. It is 
very slightly magneljc. H.=5.5'6.5. G.=5.oe9. Composition, Po 66, 
Stn 16, 2n 17. It is a Spinel of zinc ftnd iron, a Magnetite, in which 
a part of the f« is replaced by 2u and a part of the Pe by Stn. It haa 
t^ same relation to Magnetite, that Gahnite has to Spinet. 

Pyr, &c. B. P. Infusible. With borax, gives the reactions for 
^c and iron. Soluble in UCl, giving up a small quantity of CI. 

To diatinguiah it from Magnetite, it is somellmes necessary to make o 
blowpipe test. In the reducing flame, il gives offline, Itisusedaa anore 
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of iron and of linc. It is onTj found in large quantities at Franklin, N. J, 
It is associated with the silicate and oxide of zinc, making the association 
of red and black uobra, wbich is quite rare in mineralogy, 

Pi XXL 

lig. 21. O. FSi/. 22. 0. coOoo. 

most frequently occurring forma. 



SxN. — lied Ochre, Micaceous Iron Ore, Iron Glance, Specular Iron, Hed 

Hematite, Gloniieiseneri, £isenglaiiz, Rother Glaskapf, Rotboisenstein, 

Bpeglande Eiaenglimmer, Fer speculure, Fer oligiate, Fer oxidS 

rouge, Hematite rouge. 

Itafonn ia the rhombohedron of 86° 10'. It is isomoiphoua with 
Corundum and has the same cleavages, parallel to the rhombohedron and 
to the basal pinacoid, only more difficult. The rhombohedral cleavages, 
are onl^ traces and arc hard to determine. It is Ibund as distinct ei 
or as tliin scales. The best crystals are found at Framont in the 
and at Elba. These usually have the form given inPJ. XXtFig. ' , 
the primitive rhombohedron, J P 2 a scale nohedron, J R another rhombo- 
hedrou. with faces which are always striated and sometimes curved. Ia 
the volcanic rocks, it ia found in another ibrm as thin hexagonal scales, 
which have olso been artiGcially produced by causing the vapor of 
water to pass over perchloride of iron. It is perhaps formed in tbe same 
way in the volcanoes. These thin scales are called Specular Iron, on ac- 
count of their bright, mirror-like surfaces. They are hexagonal planes, 
truncated by a very obtuse rhombohedron, the faces of whicli are usually 
striated. The faces of the hexagonal prism are also sometimes found, 
bnt they are always very small. When the hexagonal form ia very much 
flattened by the reduction of two of ila opposite sides, the form of 
the figure is frequently rhombic These lameltiB are often piled the one 
on the other, bnt not parallel. There is usually a hollow in the centre 
and the edges are a little raised. The lomellte themselves are sometimes 
curved. The thin scales are eooietimes found as red, transparent and och- 
reouB coatingson the outside of otherminerals, but this is comparatively 
rare. Its fracture is conchoidal, rarely lamellar. Its lustre ia metallic ; 
sometimes splendent or earthy. The varieties that have a metallic lustre 
are called Specular Iron, but the earthy varieties are called Red Hematite. 
It is blaek and oflen iridescent on its natural faces, on account of a very 
thin pellicule of oxide on the surface. In thin scales, it is transparent 
and of a blood-red color. Streak, blood-red, or brownish-red. Some- 
limes slightly magnetic H,=5.5-a.5. C.=4.5-6.3. Composition, 
O30, Fe70. 

K^r. Jke. B. P. It ia infusible, but when exposed for a long time 
to the reducing flame, it gives a magnetic globule, 
culty in hot hydrochloric acid, more especially If iter 

It is also Ibund ^brous in litile veins. These Sbers are thin lamellte, 
analogous to those deeci-ibed. In some schistose formations, it takes the 
character of the rock and is itfelf schistose. The variety called Red 
Hematite is a less perfect form of the red scales, of which we have Just 
epoken, and the schistose varieties seem to be a passage to this ionn of the 
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mineraJ, It is generally found in large mamelonated maases, frequently of 
auifiisientsize to justify miaiDg to a large extent. These masses are usually 
made up of fibers which are soldered together, and which have a metallic 
lustre, usually grajiah with red spots, but always having a red streak. The 
outside is sometimes black, caused generally by a supevCcial coating of 
manpinese. Usually these masses are easily broken in the lines of radia- 
tioQ, forming a kind of pyramid by the fracture. HemalJte constitutes the 
rougewhicb is used to burnish and polish metals. It is also found in masses, 
which are entirely compact and earthy and which are ot^n very extensivei 
In this state it is generally impure being mixed with clay &c. A bacillary 
variety is also found, which breaks up into hes^onal piisms, which are 
sometimes very long. It appears to be of accidental formaiion, probably 
resulting from the decomposition of Siderile, which has afterwards crack- 
ed with an appearance of regularity, owing to the reduction in hulk. 
The anglea of these hexagons are not constant. It is also found piaolitic 
and oolitic, but it does not appear to have been formed directly in that 
condition. It appears to be the result of tlie de-hydration and pseudo- 
morphism of grains of Limonite, which are abundantly found in some 
localities, and of which we shall presently speak. In France, Mexico and 
elsewhere, these masses are sometimes large enough to be mined to ad- 
vantage. It is also found in large pseudoinorphic masses, resulting from 
a decomposition analogous to that to be described under Pyrite. It is one 
of the richest and roost important of the ores of iron. The Specular varie- 
ties resemble some of the copper and silver ores ; Bed Hematite resembles 
Cuprite and Cinnabar, and the compact variety, sometimes Magnetite. 
From all these it can be distinguished by its red streak and behavior 
before the blowpipe. It is found largely at Lake Superior, Missouri, New 
York and elsewhere, 

FORMULA! or TUE CUISTALS, 

Pi. XXI. 

Fig. 2i. R, The primitive rhombohedron. Mg. 25. E. OR; 
curs tabular, when OR predominates. ^.20. R. -iK. Fig, 17, 
iE. (ioP3. Fig. 28. iP2. R JR; usual combination from Elba. 
Fig. 29. R. iR. |R3. JP2;from Elba. M. XXL Mg. 1. 
fP2. E. iR. JR. iR3. Hg. 2. Twin crystal by interpenetra- 
tion; combination, J P 2. R. OR. f&j. 3, OE. R. c»P2; thin 
tabular crystal from Vesuvius. F'g. 4. Twin crystal. The opposite 
halves of two individuals of the preceding form are united on a face of 
the prism 00 n. Fig, 5. Twin crystal by in terpen etration. JTj, 6. 
i P 2. OR ; with the edge in front. Mg. 7. The same with the face ii 
front. Fig. 8. Twin from the two preceding; composition-face OB, 

Goetblte. Fe C Orthoiuiombic. 

Sts. — Pyrrhosiderite, Lepidocrocite, Nadeleisenerz, Sammetblende. 

The primitive form is a right rhombic prism of 94° 52'. The crystab 
are usually long needles on Limonite or Quartz, which they often pene- 
trate. They are usually striated and fonned by the juxtaposition of 
number of crystals. It bears the same relation to Hematite that Dinspo 
has to Corundum. It is isomorphous with Diospore and like it, crystalliz 
as a right rhombic prism with an easy cleavage, parallel to tlio hrachy- 
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pinacoid. Its lustre is adamantine, Bemi-metallic or enjthy. Color, 
yellowish- white or brownish. Wiien transparent, it is often Hood-red, 
Its Btreak is browniBh-yellow, or yellow, H.=5-5.5. 0,=4-4,4. 
Composition, Pe S.99, & 10.1. 

PfT, dec. B. P. Heated in a tube, it gives off water and beoomea 
red. loriisible but gives in the B. F. a magnetic globule. Gives reactions 
for iron, and generally for mang-anese. Easily Boluble in HCI. 

It is Bbo found in thin transparent scales of an orange color on Quartz 
and Limonite. On Limonite they have a rosy color and upuijly a 
pearly lustre. It is found in great abundance on HematJte, at the Jookson 
iron mine in Lake Superior and on Limonite at Easton, Pa. 



PI XXII. 

Fig. d. CO P. toP: 
Foi Fig. 11. wl-a 



FOBMtTLa or T 
co_Foo. 



! CRTSTALa 

P. fa,, mg. 10. 



St!i.— Bog Ore, Tellow Ochre, Brown Ochre, Brown Hematite, Rasea- 
eisenstein, Stilpnosiderite, Brauner Gtaskopf| BrauQeisensteia, Mine 

(le fer Umoneuse. 
It is never crystallized, but is found as concretions having a fibrous and 
radiated structure, amorphous and earthy. Ila fracture is fibrous and fre- 
quently shows a gradation of colors in bands. The colors arc difTerent 
flhades of brown, and the streak is a yellowish brown. In the impure 
varieties, the fracture is entirely earthy. When concretionary, it takes 
the form of large or small stalactites, or mamelonated coating. The snr- 
face is usually smooth and often lustrous. This is generally owing to a 
very thin coating of manganese. Its lustre is very variable. The nbrous 
varieties have generally a eilky, the botryoidal varieties a metallic lustre. 
Very often it is dull and earthy. Color, generally different shodes ot 
brown, sometimes nearly black in the botryoidal varieties. When earthy, 
brownish or ochre-yellow. Streak, yellowish-brown. H.= 5-0.3, 
Cl.=3.6-4. Composition, Fe 86.6. H 14.4. 
PjT. dec. B. P. Gives off water and becomes red. Soluble in 

A variety called Aetites by the ancients was used as amulets and sup- 
posed to possess great virtue. They are all geodio varieties, which are 
generally impure and mixed with sand. They show a concentric struc- 
ture. The interior is sometimes empty and sometimes contains a movable 
Lard substance, of the same composition as the outside, which separated 
from the rest when the moss contracted in drying, and which frequently 
makes a nol^ when shaken. It is abo found pisotitic, the graius held to- 
gether by a cement of the same suljstance, but usually much poorer in iroiL 
In France these masses constitute a very important ore of iron. They 
are entirely analogous, except in their composition and color, to the piso- 
lites of Calcite, which have been described. The center of each globule 
is generally a small piece of some foreign substance, usually a grain of 
sand, Magnetite or Menacoaiiite, or even Chromita, Their forma- 
tion appears to be owing to the decomposition of Siderite, held in solu- 
tion in waler. Tlie oolitic vorieties, except in color, are quite anologons 
to the oolites of Hematite. It often forms eitensive beds, which »w 
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worked rs on ore, Tbo cement which holds thera together h often elay. 
TluB U usuallj separated hj waahiog, in order to etinch the ore. It ii 
also found as irregular mosseB, caused probably by some metamorphic 
aotjon, and, in a large number of cases, by the decomposition of Pyrite. 
These masses are usuJIy very impure, and are mixed with eaWlty sub- 
Btances. They give rise to a number of peeudomorpbe. The earthy 
varieties are called ochres, which are claya or marla impref;nftte'd 
with hydrated sesquiojcide of iron. They are sometimes sufficiently rich 
to be mined as ores of iron. Their color is variable from brown, almost 
black, through all the shades of brown to pale yellow, known as Yellow 
Oohre. The colors give little or no idea of the yield of the ore in iron, 
for they vary not only with the quantity of iron contained, but also with 
its state of aggregation. It often happens, that a pale yellow ochre is rich- 
er than a brown one. This variation of color is not only found in natural, 
but also in artificial products, as in the different varieties of rouge, the 
color of which varies with the method of manufacture. An important 
variety of Limonite is called Bog Ore. This ore is very abundant, 
especially in Sweden, Russia, and some parts of this country. 
It is found in an entirely different association from the preceding 
varieties. It ia not produced by the decomposition of Biderite, but 
seems to be owing to the decomposition of organic, generally vegeloble 
matter in ferruginous waters. Wiese masses are brown, more or lees 
dark, with a smooth, even, and sometimes conohoidal fracture, which may 
even be resinous. It is always impure, containing besides the gangues, 
Eulphur, phosphorus and some portion of organic matter, frequently ft'ag- 
meats of plants which are not entirely decomposed, but which preserve their 
woody fiber, while passing into the state of peat. This production or 
Limonite by means of the decomposition of pianla, ia going on exten- 
«vely now. The mines from which it is taken are not exhausted, 
because the ore is found continuously, so that it ia easy to watch the pro- 
gress of its formation. It is remarked, that when the roots of a tree are 
deoomposed in the midst of a fernigmous sand, the sand around them 
is rendered colorless for a certain distance. The acid products of>decem- 
poaition, such aa ulmic, ceramic and aproceramic acids, when disengaged, 
dissolve out the oxide of iron from the neighboring sand, carrying it off 
with them. These salts on arriving at the air, are oxidized, the oi^anic 
acids are burned, and a part of the resulting from their decomposition is 
fixed as fe 0. This carbonate once formed is dissolved by virtue of 
the excess of and, when it decomposes, Limonite is produced. It 
Is always very impure, because, it contains sulphur and phosphorus 
bewdea the earthy material, Limonite is one of the most important 
of the ores of iron. It is mined extensively in the western part of Mew 
England, Hew York, Pennsylvania and other states. It is sometiuiea 
ground and used as a polishing material, furnishing different colors of 
brown and yellow, according to the method of its prepuration. 



Prrrbotlte. 



Fe^ S'. 



Fer Bulfurg raagnetique. 



This Pyrites ia magnetic and 
which is found in Meteorites. It 
fbimula is Fe* S*, and sometimes 



Magnetic Pyrites, Magnetki 
Magnetopyrite. 

the compound of iron and sulphur, 
aLso found in nature. Sometimes the 
'e'° S". It is rarely perfectly crystal- 
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lized. The best formed crystals are found in Meteorites. They are al80 
sometimea found dissieTninBted in a. ganpie. It ia generally, however, 
fonnd in IwneHnr, cryatalline massea, which can be easily recognized by 
their bronze color. It has an easy cleavftge, parallel to the base, and 
tracea of clearao^ parallel to the facea of the pri«m. Its fVactnre is himel- 
lar, pometimes conchoidal or even granular. Lnstre, metallic. C<iIor, dark 
vellow, bronze, and often a yellowish-red. Stre^, dark grayish-blaok. 
I'he powder is alwavama^et'ia, H.=3.5-4.5, 0.=4.t4.fe Corapoai- 
tJon, Fe' 8'=Fe 60'5, S 39.5. 

I^r. Ste. B. P. In an open tube, it gives off S. On Ch., it be- 
comes either te or Fe, according to the flame in which it is heated. In 
the R. F., it fuses to a magnetic mass. Generally gives the reactions for 
Ki and Co. It is attacked by the non-oxydizing acids. Sometimes it 
gives off H3 and leaves sulphur as a residue. 

Its raost ordinary ansociationa are Magnetite and Apatite, but it is fre- 
quently mixed with other sulphides, which may somewhat modify its 
color. It is often found as a pseudomorph after Arsenopyrite. Ita 
inferior hardness and color distinguish it from Pyrite. From the ores of 
Co and Ni, it is distinguished by giving the iron reaction and a very mag- 
netic globule. It is found in n iarge number of places, in New Englaod, 
iu New York State, New Jersey, Pennsylvania and Tennessee. 



PI XXII. 

Fig. 12. ocP. P. OP. 

Pyrite, Fe S'. Ibometbio. 
Stn, — Iron Pyrites, Schwefelkies, Eiaenkiea, Fer snlfurfi jaune. 

Showa almost alwaya the hemihedry of parallel faces, with traces of ft 
cubical cleavage. It is frequently found crystallized with striated faces, 
hut sometimes with poliahed ones. Its usual forms arc the cube, octahe- 
dron, and a combinatiou of the cube and bemi-tetrahexabedrtDn, tlie faces 
of which are almost always striated parallel to their intersection with the 
cube. Faces of two hemi-tetrahexahedra at diSerent angles are also 
found at times; in such a case, the faces of the cube have entirely dis- 
appeared, and there is often a trace of octahedral faces and when these 
faces are large, they form the solid of twenty triangular faces, the icosa- 
hedron. The facea of the hemi-tetrahexahedron ia this case are always 
striated, while those of the octahedron are smooth. The diploid is also 
found in combination with the berai-tetrahexahedron. Cryatals of Pyrits 
are often very large and have sometimes very brilliant faces. The clea- 
vage is more or less dialinctly cubical or octahedral. It is very fragile, 
and its fracture is rough, rarely concboidal. Its lustre ia metallic, some- 
times splendent The color on its natural faces and on its fracture is braas- 
yellow, with a. very decided metallic lustre, and ta quite uniform. This 
color caused it to be much sought after at one time, as an object of onu- 
ment. It was then known to jewelers under the name of Marcasite. Ita 
streak is greenish or brownish-black. H, =6-6.5. It strikes fire with 
the steel without giviug out any odor. Ci.:^4.S3-5.2. Composition, 
Fe46.7, 8 53.3. 

Pyr. Ac. B. P. It fuses in the Home of a candle. Heated 
tube, sulphur sublimes. In the R. F., a residue is obtained which atti 
the magnet. The nonoxydizing acids do not act upon it. It ia attacked 
by It with effervescence and gives off US. 
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It is jJso fouDd as cancrclions in bolls covered with poiats oi ciyaUlE, 
These are sometimes sufBcientty brilliaDt, to give the ball a vtlvety ap' 
pearance. The concretionary vorietj is ttlso Iband as a coating on the 
rarioiR gangues. The Fracture of Uiese maesea ia generally compact, 
rarely fibrous, sometimea silky or relvety. It is also tbund as dendrites, 
which are ramified around straight or curved lines. It also occurs as 
amorphous masses with an unequal rongh fracture, but otherwise having 
the same aspect as the crystals. It frequently by pseudomorphism takes 
the shape of organisms, especially in the Lias, These forms seem to be 
owing to the reducing action, which organic matter in decompositioa ex~ 
eroises on the sulphates. In these imitative forms Pyrite frequently pre- 
serves the structure of the organism. It appears generally to have formed 
after all the hollow parts have been filled up by some substance, which 
appears usually to be Calcite. When it is in the state of incrustations, it 
is never as perfect in preserving the structure as Quartz, and it is usually 
impo^ble in any case to study the details of the organism as it is in 
Quartz. It is susceptible of a remarkable decomposition, whicli has taken 
place under circumstances wliich are not perfectly understood, which ia 
called Hepatic Pyrites, ( from Aejwr, the greek word meaning liver.) It 
Still hbs the form of Pyrite but its composition is generally that of Limon- 
ite. The suiphur has completely disappeared, we do not know haw, 
without causing the crystal to be any the less perfect. When the altera- 
tion is not complete, Pyrite is found in the interior. This same decompo- 
sition has sometimes taken ^lace iu nature on a very lat^e scale, produc~ 
ing large bodies of valuable iron ore, which are now worked. Pyrite is not 
aherod in tlie air, and does not decompose in collections. Its name is from 
^r,fire, in allusiou to its striking fire with a steel. Itia distinguished from 
Chaleopyrite by its much greater hardness, and by its paler color. It is 
distinguished from Marcasite by being of a much lighter yellow. From 
Gold, by its not being sectile.' It is extensively used in the manufacture 
of green vitriol and sulphuric acid. It is found very generally dissemina- 
ted throughout the rocks of the U. 8. 
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Fig. 13. CO O CO. The striations result from an oscillatory combination 
between the cube and pentagonal dodecahedron. Fig.Xi. , The 
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most usual form. 



ly. 15. 






rs sometimes. Fig. 17. 
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very frequent combinatio 



The SBme as the preceding, but with the faces equally developed, 
CO 02 r3 *n 

it resembles an icosahedron. Fig. 21. — i_. — ~ . ^- 
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Fig. 25. Twin crystal; composil 



PI. XXIir. Fig. 1. 
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interpenetratioD twin. I\g. 2. The preceding, vrllhtba 
I OD. FSg. 3, The cube resulting; from Fiif. 2 ; the Btrialioni 

dte> Fe 8\ OitTaooHouDic. 



It orystsUizoa in a right rhombic prism of lOG' 6', with a cleawago 
parallel Ui the prism, and only traces parallel to the hrachypinacoiil. The 
simple crystals are found as prism?, or us the union of two domes in such 
A way lis to resemble Ihe regular octahedron. They can only be distin- 
guished by measurement of the angles. The crystals however are rarely 
single. The crystals, Fig. 6, which are quite short, are united by the 
faces of the prism and make complex forms. The form Fig. 10, where 
the composing crystals are complete, is rare. They are generally com- 
posed as in Fig. 7, and as in Mg. 8, with an indented contour, often also, 
as the angle of the cryBtala is 73° 58' or almost that, of a regular penta- 
gon. The crystals are found united by fives as in Fig. 9. This disposition 
IS quite common, and iscalled Cockscomb Pyrites. Its fracture is rough and 
somewhat granular. It has a very decided metallic lustre, especially in 
the varieties which do not show a green tinge which appears to be 
owing to a commencement of decomposiiion. Its color is a much lighter 
yellow, and more greenish than Pyrile. Streak, grayish or brownisb- 
Wk. H.=C-6.5. C.= 4.678-4.847. Composition, Fe 16.7, B 53.3. 

PjT, &c. B. p. With the blowpipe and the different reagents, it 
acta esactly as Pyrites. 

It has exactly the same composition as PyrJte, of which it is the 
dimorphic form. It is also found crystalline or concretionary. In some 
formations, especially in the Chalk, it occurs in balls, sometimes in 
cylindrical masses with a hbrous and radiated structure, the surfaces oi 
whieh are covered with the points of crystals having the pseudo-octahe- 
dral fomt. Occasionally, tbough much mors rarely tlinn Pyrite, Uarcasite 
takes the forms of organisms either b^ filling or by substituling molecule 
for molecule. It decomposes very easily in Ihe air, and forms sulphate of 
iron. In order to preserve it in collections, it must generally be coated 
with Tarnish. Sometimes, though rarely, the product of decoropoBition is 
llenatic Pyrites, as is the case with the balls that occur in the Chalk. A 
variety is sometimes found which does not decompose. It is used for 
the same purposes as Pyrite. It is largely found in the U. 8. 
roButn^ or the crtetals, 
in. XXIII. 

%. 4. Fw. P«. mP. P, OP, Fig. 5. ooP. OP. iX' aa. 
Pw. F^. C P. Pco, Mg, 7. Twin crystal; composition-face coP, 
^. 8. Twin, consisting of four individuals. Fig. 9. Twin consisting 
of five individuals. Fig. 10. Group of four orystala; composition- face, 
00 P. Fig. 11. Twin crystal 

IHelBiitoiitc. f'e S+T IT. Mohoclinic, 
Hts, — Green vitriol, Copperas, Sulphate of Iron, Eiscnvitriol, Fer sulfate. 

It crystalliies as an inclined rhombic prism of 82° 21, and the crystals 
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are usually needle shaped. It has an enay cleavage parallel to the base, 
and a more difficult one parallel to the prism. Fracture, conchoidaL 
Lustre, vitreous. Tranparent, translucenL Color, different shades of 

reen or whjt«. Streak, colorlesi li.=2. Ci. = 1.832. Composition, 
28-8, te 25.9, fl 45.3. 

Pyr. Ac B. P. In closed tuhe gives fl,S and S. On Ch,, gives 
the reactions for S and Fe. Soluble in Iwice its weight of water. It is 
usually found as an efflorescence, being a product of the decomposition of 
Pyr^te. It is white when it haa not been exposed to the air, but soon 
becomes green, blue or brown by oxidation. It is used in dyeing and tan- 
ning, in making ink and Prussian blue. It is found abimdantly in the 
U.S. 



PI. SXIIL 

/Tj. 12. CO P. OP. This crystal resembles a rhombohedron. Fig. 
13. CO P. or, P 00. Mg. U. The preceding, with to P oo. Fig. 15. 
The combination Fig. 2, with -P. Po=. coPoj. Fig. 16. Fig. 15, 
with -Foj. 

Coplapitc. Fe' S'+18 H. Hezaqonal. ? 
Stn. — ^Grelbeisenerz. 



s found as fibrous n 



r crystallini 



= 1.5. 0.= 



pearly. Translucent. Color canary or sulphur-yellov 
2.11. Composition, S 42.7, P 34.2, fl 23.1. 

Pyr. Ac, B. P. In a tube yields S and S. On Ch., gives a mag- 
netic mass, and the reaction for 8. Insoluble In water. 

Occurs in Saxony, in the Harfz, ia France and Chili, as tlie result of 
the decompoaition of Pyrite, 

VlTlanlte. ^e' P+8 H. Monoclinio. 



There are several phoiiphates of iron found in nature, but this ia the 
most important one. It crystsUizea as an oblique rhombio prism of 111° 
12', with a very easy cleavage parallel to the clinopinacoid. The usual 
form is a combination of both pinacoids |the prism, pyramid andmaerodome. 
Crystals are usually found as needles on metallic substances. Their faces 
are very generally curved. It has a vitreous lustre, except on the faces of 
the clinopinacoids which are pearly or meCallia Transparent, translucent, 
but becomes opaque on exposure. In fresh fractures, it is white and color- 
less, but becomes blue, owing to a partial peroxidation. When it haa un- 
dergone the action of the air, it ia sometimes deep blue, or bluish or dirty 
brown, sometimes even black. Streak, colorless. lI.=1.5-2. 0.= 
2.58-2.68. Composition, te 43, P 2^3, fl 28,7. 

Pyr. Ac, B. P. Decrepitates, fuses at 1.5 to a magnetic (jlobula 
and colors the Same green (F). Gives off water. It is soluble in KCl 
without effervescence. 

lU usual occurrence is in cavities of certain rocks, especially lavas or 
rocks in coal mines, which have been on fire. It is also found in the 
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iamde of buried bones and fossil shells. It is foond earthy^ in little bunches 
in clays. It is then generally of a more or less dark blue, but sometimes 
of a greenish or violet color, resembling certain salts of copper, but is 
easily distinguished by a chemical test. It is found at the GtsM mine. Pa., 
and in large quantities at Mullica Hill, Gloucester Co., N. J., replacing 
Belemnites. 

TQBMJJLM or IBK 0BT8TAL& 

iV. 17.ootoo.ooFoo.Poo. P. ooP.oo?3.i^. I8.00P0D. oof 00. 
Poo. I^. 19. ooPoft. coP. p. 

JLeucopyiite.. FeAs*. Orthorhombio. 

STN.->-Ar8eneisen, ArsenikkalkieaL 

The forms of the crystals are the same as those of Arsenopyrite, only 
differing in the value of their angles. The angle of the prism in Leuco- 
pyrite is 122**, bat in Arsenopyrite it is 111''. Fracture, uneven. Lnstre, 
metallic. Color, silver or steel-gray. Streak, grayish-black. SI.=5-5.5. 
©.=6.8-8.71. Composition, As 72.8, Fe 27.2. 

Pyr. 4ce» B« P« In a dosed tube gives As, and in an open tube 
Xa, On Ch., gives the odor of arsenic and in O. F. a coating of Xs; in 
R F. a magnetic globule. Gives the reactions for iron. 

It very much resembles Arsenopjrrite, and can generally only be distin- 
guished from it by a chemical test^ in which case only arsenic and no 
sulphur is found. Its density is high, about 7, while that of Arsenopyrite 
is 6,1. 

FOBMULJC or THE CBTSTALS. 

Fig. 20. 00 P. Fob. 

Arsenopyrite. Fe (As, S)*. Obthobhombio. 

Stk. — ^Mispickel, Arsenical pyrites, Arsenkies, Fer arsenical 

It crystallizes in the right rhombic prism of 111"* 53', with traces of 
cleavage parallel to the prism. The crystals are mostly prisms attached 
to a gangue. They may h&ve a rounded termination, which is a union of 
domes, or pseudo-octahedron. The crystals are often macled, paraUel, 
either to the prism or macrodome. They have frequently such a number 
of faces that they appear to be curved and striated. The brachydome is 
usually striated, which is very characteristia Lustre, metallic and quite 
light in a fresh fracture, but it becomes dull on exposure to the air. Color 
silver or tin-white. Streak, grayish-black. SI.=5.5-6. 0.=6-6.4. 
Composition, As 46, S 19.6, Fe 34.4. 

Pjrr. &c. B. P« On Ch., it gives arsenical fumes. The heat from 
stroke of the steel is sufficient to produce this odor. Heated in a tube, it 
gives off S and As, which condense first as a red sublimate of sulphide of 
As and then as a mirror of As. Heated for a long time in K. F., it gives 
a magnetic scoria. Decomposed by "S, ^ving a deposit of Xa and S. 

Large masses of Arsenopyrite are semi-crystalline or indistinct! v fibrous, 
they are rarely amorphous, compact and granular. It is distinguished 
from Marcasite by its color, its reaction for arsenic and its densitv, which 
is 6.12, while that of Marcasite is about 5. Resembles Cobaltite, but it 
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can be dUtinguiflhed bj the crystalline form and a chemical test It is 
fomid abundantly in the U. S. 

FORMULiB or THE CBT8TAL8. 

pixxm. 

Fig. 21. 00 P. i^cD. The characteristic striation of the brachy- 
dome is shown on one of the faces. Fig. 22. oo P. J foo. P oo. Mg. 
23, Poo. Poo. JPoo. Resembles a square octahedron. Fig. 24. 
00 P. -J^oo. Poc. Mg. 26. Twin crystal; composition^face ooP. 
Horizontal projection. Fig, 26. Twin with the. combination Fig. 21 ; 
composition-face P oo. 

§coro€llte. 9e 2s+4 "&, Orthobhoubic. 

Stn. — ^Arseniksinter, Eisensinter. 

It crystallizes as a rhombic prism of 98"* 2', generally in little crystals of 
a bluish-green color usually slightly altered. Cleavage imperfect, parallel 
to the brachypinacoid. Lustre, vitreous. Fracture, uneven. Translucent. 
Color, pale green or brown. Streak, white. SI.=3.5-4. ©•=3.1-3.3. 
Composition, la' 49.8, Pe 34.7, fl 15.5. . 

Pyr. &c. B. P. In a closed tube yields £[ and turns yellow. On 
Ch., fuses easily, colors the flame blue (As), and gives off arsenical fumes. 
Soluble in HCi. 

Scorodite is found in Edenville, N. Y., and in Carabas Co., K. C. 

FOBMULJB OF THE CBTSTALS. 

PI XXIV. 

Fig. I. P. ooPoo. ^oo?oo. Fig. 2. P. ooPoo. eoP'2. Fig. 3. 
P. OP. 00 P 00. _ 00 P 2. 2 Poo. Fig. 4. The combination Fig. 1, 
with 00 p2 and 2 P oo. 

Pliarmacoilderlte. 3 9e Is+Pe £t'^-12 S. Isometric. 
Stn. — Cube Ore, Wurfelerz, Per arseniat^. 

Its usual form is the cube, but tetrahedral faces have been found. The 
crystals are found in cavities. Its cleavages are very difficult, parallel to 
the cube. Its fracture is conchoidal and its lustre vitreous. Transparent. 
Its color is usually emerald^green. This green becomes brown in the 
flame of a candle. It is sometimes found brown or honey-yellow. Streak, 
green, brown and yellow. It is pyroelectric. 

P|rr« &c. B. P. In 0. F. melts rapidly to a met^^c globule which 
is not magnetic. In the K F., it becomes a magnetic soona.and arsenic is 
given off. Soluble in acids. 

With the blowpipe and with acids, it is easily distinguished from the 
copper salts which it resembles. 

JOBMXJLM OF THE CBY8TAL8. 

A XIX. 
Fig. 15. ooOoo. ~ 
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AneDlariderlte. Ca' Xs+i Pe' JU+lo fi. 



It is quite rare, and is found in fibrous concretiona of a yellowish-browu 
or golden color. Lustre, silk;. Streak, yello wish- brown. 1I.=1-S, 
C. =3.52^3.88. CompoeitioD, Is 37.3, Pe 42.1, Ca 11,1, H 8.3. 

Pyr. Ac. B. P. The same as Scorodite. 




It crjElallizes in rhombohedraof 107°, with a very easy cleavage parallel 
to the faces of the rhorabohedroa It te generally found as the primitive 
thombohedron with curved faces, the curve affecting even the cleavage. 
Iliaalso found in lenticubr and cockscomb crystals. Its fracture is iBraellar, 
rarely conchoidal. Luetre, vitreous or pearly. When just taken from the 
mine and quite pure, it is sometimes entirely white, but it soon becomes 
altered in the air, and takes a grayish color, which sometimei becomea 
brown, brownish-rod or green. Streak, white. H.=3.a-4.5. 0,= 
3.7-3,0. Composition, te C2.1, 37.9. 

Pyr. Ac. B, P. On Ch., blackens and fuses at 4.5. Heated in ft 
closed tube, it decrepitates, blackens and gives a magnetic globule. In 0. P., 
the Ite becomes Pe, in ^. F. becomes magnetic. With acids, it effer- 
vesces slowly when cold. 

It is found crystalline and compact. It was supposed for a long time, 
that an Aragonite of iron called Junckerite existed, which was isomor- 
phous with the carbonates of baryta, strontia, lime and lead, bat it has 
been proved not to be well founded. It is almost to be regretted that 
it is not so. It is sometimes entirely black, owing to the presence of 
manganese. This decompot^ltion is reniarkable, since carbonate of iron 
and manganese when perfectly pure do not easily become peroxidiied. 
It is also found in beds of different colors, which have been formed by 
the decomposition of sulphates of iron in contact with organic matter, pro- 
ducing Pyrlte and Sidente. It generally has a lustre analogous to that of 
Dolomite, but its density is nearly 4, while that of Dolomite is 2.8 to 3. 
When found in lamellar, saccharoidal masses or granular, it resembles Calcite, 
but the density distinguishes it. Exceptionally, it is found fibrous. This 
variety is distinguished under the name of Spherosiderite ; it is generalij 
found in cavities in Sasalt, forming little mamelons with a velvety surface, 
and a fibrous or scaly fracture. It might be mistaken for Bphalerit«, but 
the action of acids will distinguish it. The lithoidal variety of Siderite 
is whitish or brownish in a fresh fracture, but is quickly altered on expo- 
sure to the air and becomes brown. Its fracture is compact and conchoi- 
dal, and is devoid of lustre. These masses have no very distinctive ohsrao- 
teristics, and can only bo distinguished by the action of acids. It is most 
extensively found in the coal formation, in which case it is black or 
brownish. When it is associated with bituminous matter, it is called 
Black band. One of the ordinary appearances of this variety is 
»hape of Scptario. Thr^se are spheroidal, flattened and brownish 
which have been cracked during their formation, and subsequently these 
cracka filled with Catcite and Quaitz. It also forms pseud omorphs. It is 
distinguislied from Dolomite and Calcite. which it resembles, by its highi 
speciuc gravity, and by giving a magnetic globule. 
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Siderile is one of ihe most important ores of iron. It is found in veins 
at New Milford, Conn., Plymouth, N. H., and Stirling, Mass., and other 
plauea. The BrgillaceouB variety is verj abundant in the coal formation. 



nenacranlte, (Ti, Fe, Mo, Kg)* O*. Rexaoonai.. 

Srs. — Wnshingtonite, Crichtonile, Ilmenite, Titanic Iron, Titaneiaenatein, 

Titaneisen, Eiaenroae, Iserin, Baaanomelan. 

It crjstallizes as a rhombohedron of So' 40'. It has a number of 
derived forms, many of wliioh are hiimihedrol and twins. Lustre, metalhc 
Color, bluifih-blaot Streali, blacli or reddiah -black. H.=5.6. C.= 
4.5-5. The compaaition variaa greatly. Ti 10-59, Po 1.2-82.47, te 
1.5-50.17. 

P|rr, &c. B. P. It is infusible,- witli S.Ph. in the 0. F. it ia 
dissolved. In R. F., it gives o bead, which is colorless when liot, but 
dark violet on cooling. When pulverized and healed with HCl, it 13 
slowly dissolved to a yellow solution, which, when filtered and boiled 
with tin, becomes blue. 

It has the same general characteristics as Magnetite, e:ccept perhaps 
that it is a little bluer and does not attract the magneL The crystals, 
which are quite rarCi are sometimes very large, and generally have a red- 
dish tinge on the surface, owing to a. partial decomposition. It is ire- 
quently found as a sand. It is very rare that Maj^etites do not contain 
some trace of Titanic Iron. It ia also frequently found in the other ores of 
iron, as in nematite, for ia almoat all of the furnaces where these ores 
are used, nitroeyanide of titanium is found. It has less lustre than 
Hematite, and has a black streak. It is of little value as an ore of iron, 
as it is too refractory to smelt in large quantities. It is found in large 
crystals in Orange Co., N, Y., also at Washington and elsewhere in 
Conn., and in Mass. and R. I. 
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Cbromite. (te, Or, fig) (XI, Pe, Sr). Isohetbio. 
SvH. — Chromic Iron, Chromeisenstein, Fer chromat^. 

It is one of the Spinels of iron, s sort of Magnetite, in which the Pe is 
replaced by €r, and SI. It has the same forms as Magnetite, but is not 
so frequently crystallized nor so perfectly. Its usual form is tlie octahe- 
dron, mors rarely the cutie. Fracture, uneven. Lustre, semi-metaJlic. 
Opaque. Color, brownish-black. Btreak, brown. Sometimes slightly 
magnetic. H.=65. G. =4.32 1-4.498. Composition, for the formula 
*e Br, *e 32, «r 68. 

PyT. Jkc. B. P. In O. F. infusible ; in R. F., slightly rounded on 
the edges and becomes magnetic. With flmes, gives the reactions for 
chromium, which diatingui^ it from Magnetite. It is not attacked by 
acids. 
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It MwMwlfagnetile and cannot be ^stinginBhed from it whhciHtaiBty, 
eKoept by iti chrmkaJ properties. It is periu^ a little bbu^er than 
tmmarj Magnetite, bat this is only an ezteraal character, which may not 
hold good, it is often fi>and as a sand composed of octahedral ciystala. 
It is need lor the mannfactnre of pigmeuta. It is found in Tennoni^ 
Waasarlmmlli^ Connecticat, Pennsyhrania^ Ifaryland and elsewhere. 

C^ImmMIii, (t^ Jba) {^ fa). OmoKBomia 

Stjl— NioUte. 

CSrystaDiaes as a right liiombic prism of lOI* 26*. The forms wiiich pre- 
dffmmalie are those of the square prism, the angles of wluch are freqoen^ 
ao h^faly modified, as to appear roonded. It has deavages parallel to bon 
macro and fanehypinaooids. fVactore, nnerea. Lostre, sabmetaflie. 
Opaque. Streak, daric red to black. H.=a 0.=5.4-^5. Compon- 

tion, for t'e 5b, ^e 2L17, t)b 7^83. The colombic acid is always in 

^JT. JkC B. P. With borax it is &8olTed, giving the reactions for 
Iran. If flamed in the R. F., gives a grayish-white bead, or, if there is an 
excess, the bead becomes opaqne without flaming. 

Its Yoy dark color and a sliglit iridescence which is almost ahrajrs 
foond on the specimens, Higringnirfw*M it from other minerals. Its princi- 
pal localities in the U. S. are Haddam and Middletown, Comi., where it 
ooema in czystals and in pieces of considerable' sse in the Fddapar 



WQmxuLM or tmk cbtsxaul 
PL XXIV. 

J^. 10. nJ^OD. oot^a. ooPoD. OP. 3?a P. iFoo. 1%. IL 

oof 00. ooPoo. floP. ooPi OP. P. SPoa. P <». F^. U. 

wFocsu Pac iPoo. P. ooPoD. 2 P. ao Fs. oo P. Jl^- 13. «> Foa. 

IFqo. Poo. 2Poo. ooP. P. sFf. aofz. 2P. «P3. Fig. 14. 

floPoo. ooPooL 00F2, ooP. ?3. 

WmUSrmaOtm. 2 t'e W+3 ]|n W or 4 t'e W+fta W. Obthokhombio 

Snr.— Wolfram. 

Its primitiTe fonn is a right riiombic prism of 101* 5\ with a Toy easy 
cleavage pardlel to the brachypinacoid, which gives it a lameDa r stnic - 
tare, and another perpendicular to it, which is not so easy. The crystals 
nsoaUy show the prism and macrodome very prominently, bat are rardy 
complete. They are nsaally striiJed, on acooont of the easy deavage 
pan^ to the brachypinacoid. They show the hemihediy with parallel 
faces. Tbey are often maded and, as this made is not paraDd, the 
deavage riiowB reentrant angles. Lostre, aemi-metallia Opaque. Color, 
dariE grayuh <x brownirii-Uadc Streak, daik reddish-brown or blade. 
It is sometimes slightly magnetic 0.=5-.^. 0.=7.1-7.^. Compo- 
sition, for the fint formula^ W, 75.33, ^e 9.55, itn 15.12; for die aeccfid, 
W 7^ te 5.6; Mn 17.9i. 

P^. dkc B. P. Poses at 2.5-3 to a globole stndded with ciya- 
tak With borax and &Ph. gives the reaction oi tungstic add, red when. 

9 
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hot, yellow when cold. It h attacked with difficulty by acids, and girea 
up tungstic acid when cold. 

It is also fuuod in lamellar masses made up of imperfect crystals, Ita 
density fracture and streak tlistinguiah it from Hematite and Uagnetite, 
which it very often resembles. It has been found in Kunroe, Trumbull, 
Conn., also in Maryland, N. Carolina, and Missouri. 

FOltUUI^ or THE CHTSTAI& 

PI XXIV. 

Ilg. 15._ <pF. wPo). iPos. fai. J^. 
coPtB. coP2. fai. P. 2^2. Mg. 17. Twi 
tion-face co P oo. Ji^. 18. Twin crystal ; compositi 
HANGANESE. 
Braunlto. 'Sin Ma, or 3n. TrrRAGoNAL. 
Syn. — Hartbrau ostein. 

It crystallizes as an octa,hedron, the angle of whicK is 119" 40'. It is 
not isomorphous with Hematite, which is hexagonal. Some of the 
varieties show an obscure octahedral cleavage, but crjetala are comparative- 
ly rare. They are generally ootah^dra, which are less acute than those of 
Hauamannlte ; they frequently show the base, and have curved faces. 
Smaller crystals are sometimes found with the octahedron and di-octobe- 
dron. It has an uneven fracture and a metallic lustre, which is sometimes 
quite distinct. Opaque. It is black, with more or less of a bluish or 
brownish tint. lis streak ia brown into black, without any tinge of red, 
which distinguishes it Irom Hausmannite, which is oflen found on the 
same specimen. H.=6-6.5. C.=4.75-4.82. ComposiUon, Mn 86.95, 
9.85, Ba3.25, S 0.95. 

Pyr. &c. B. P. Infusible and does not give off H. With fluxes, 
gives the reactions for Mu. The non-oxidizing acids hardly attack it and 
give off only a little 01. With HCl, CI ia evolved. When it contains 
Bhodonite, gelatinous silica is deposited. 

It is almost always found in granular masses, of a bluish-black color. 
The grains are very small and do not show cleavage. The bluish lustre 
will distinguish them from Magnetite and nematite, but the color of 
their streak is a better distinction. Like Alabandite, Braunite is often 
found in little veins in the silicate or carbonate of manganese, as a product 
of their decomposition, in which case it is very impure and gives up 
gelatinous silica, or even effervesces slightly. It is also found associated 
with other minerals of manganese, as the violet variety of Epidote, 
the Titanite containing manganese, and Hausmannite. 

Bauiinaniiltc. lUn' Hn. Tehuoohau 
S YN. — Glanzbrauns te in. 

The angle of the octahedron is 105° 25', It is the red oxide of man- 
gauese of the laboratories. It has an easy cleavage parallel to the base 
and octahedral cleavages, which are more difficult. The simple crystaLi 
are ootahedra, which are sometimes truncated. They are often grouped 
2 by 2 or 4 by 4, the twin plane being parallel to the octahedron. Ita 
fracture is uneven. Lustre, submetallic. Opaque. Ita color Is generally 
brown, almost black. Streak, chestnut-brown, almost red. H.=5-5.5. 
G.=4-722. Composition, Mn 72.1. U 27.9. 

Pyr. dec. B, P. Alone, it is infusible. With the fluxes, gives the 
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reau^ions for Mn. The non-oxidizing acids attack it^ giving but little CI. 
HCl, gives CL 

Besides the crystals, crystalline masses are found which sometimefi 
show the points of crystals; oflen in others there are no crystals but 
only cleavages. They are oflen deep black, which easily distinguishes 
them from the oxides of iron. If it is crystallized, the acute octahe- 
dra are easily distinguished. The best and most distinctive characteristic 
is that of its streak, which is dark reddish-brown with the red color 
most distinct Sometimes these masses resemble Magnetite, but are dis- 
tinguished because they are not magnetic, and Magnetite has a blade 
streak ; the red of Hematite is quite different. Wolframite, which some- 
times resembles it^ has a much higher density and a dark violet streak. 

FORMULiB OF THE CRYSTALS. 
PI XXIV. 

F^, 19. P. Fig, 20. Twin crystal; composition-face Poo, Pk 
XXy. Fig, 1. Twinning repeated with four individuals. 

Pyroluilte* Itn. OnTHOBHOKBia 
Syn. — Weichmanganerz. 

It crystallizes as a right rhombic prism of 93* 40', with a cleavage 
parallel to the brachypinacoid. The crystals are always implanted in a 
gangue and only show their ends. It is sometimes found in radiated 
bacillary masses, showing in their fracture a lustre which is at the same 
time metallic and silky, with a gray iron color. Its fracture is irregular 
and unequal. Lustre, metallic Opaque. Color, iron-black or dark steel- 
gray. Streak, black. SI.=2-2.5. 0.=4.82. Composition, Mn 63.3, 
36.7. 

I^r« &c. B. P. Is infusible, gives off no water. With fluxes, it 
gives the reactions for Mn. 

It is very fragile, stains the fingers black and is easily broken up with the 
nail. It is also found concretionary, sometimes in tubercular masses. 
Sometimes in stalactites, when it is usually cavernous. It is made up of con- 
centric beds of fibres fastened together at the surface, which is smooth, and 
the adhesion is consequently not very great. Such masses are very 
tender, their fracture is fibrous; sometimes it is compact when impure. It 
is also found amorphous, in large masses disseminated in earthy matter. 
It is then intensely black without lustre, showing sometimes in the fresh 
fractures a slight semi-metallic reflection, resembling several metallic 
sulphides. It is only distinguished by its streak and blowpipe reactions. 
It is found in all the geological formations, probably produced by the 
decomposition of the carbonate, as little masses and frequently as dendrites. 
It resembles Psilomelane, but is distinguished by its inferior hardness. 
From the ores of iron, it is distinguished by the blowpipe. It is used in 
glass works for making bleaching powders and also for the manufacture 
of oxygen. It is found in many of the iron mines of the U. S., forming 
a velvety coating usually on Limonite. 

FORMULA OF THE ORTSTALS. 

PI XXV. 
Fiff. % ooP. ooPoo. ooPoo. ?oo. OP. 
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It cryetaUiiea aa a right rhombic prism of 9D° 40', with an easy cleav- 
age panltel to the brnuhypinacoid, and aDolher more difficult, parollel to the 
prism. It ia usaalty welt crystallized. The erysUtU are usually formed 
hy the faces of the prism, frequeutly iermiQated by a macrodome or au 
octahedron. Generally, however, the crystals have a very much larger 
number of faces, which produce very marked striations on the vertical 
tAcas, so tliat they are oiten fluted and rounded. The crystals which have 
the basal terminations are frequently joined together parallel lo the priam. 
The commcin base is in that case striated and undulated, by the projectioa 
of the terminations of the different crystals. The crystals in such a case 
are very much striated and frequently very large. It also shows macles, 
formed by a hemitrope parallel to the brachydome. It is also found in 
bacillary masses, made up of crystals diverging from a common center. 
Its fracture is uneven. Lustre, semi-metallic. Opaque. Color, dark- 
brown or iron-black. Streak, reddish-brown to nearly black, darker than 
Limonite. Its color is intermediate between that of Braunite and Haus- 
mannite, and might result from a mixture of two. It is well in tiie pre- 
sence of such a powder to seek for water, 

Pyr. &C. B. P. In a tube gives off fi, and is then infusible; this 
distinguishes it from the other oxides. With fluxes, it gives the reaotions 
for Mn. In acids, even before calcination, it is dissolved and gives off CL 

It is also found concretionary and stalactitic, resembling the forma of 
Pyrolusite, but usually harder. The distinction ia easily made by the color 
of the streak and the presence of water. It is found also as very small 
crystals imbedded in compact Manganite, which baa a granular fracture, 
which may also be unequal. The mineral is then in concentric layers. 
It is also found in amorphous masses, which may be distinguished from 
Pyrolusite by their hardness, their streak, and tlio presence of water. 
Fsilomelane often contains a considerable amount of Manganite, which is 
the reason why it gives off so much water. Manganite is found very abun- 
danlly in nature, but it gives too tittle chlorine to be used as a substitute 
for Pyrolusite ; it does not pay tlie expenses of working. 
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PI. sxv, 

J^.3. odP. C0F2. =oP2. P3. 2P. 2F2. jP2; the last 
form is hemihedral, as a rhombic sphenoid. J^. i. Horizontal projec- 
tion of the preceding combination. /Tj. 5. Twin crystal; composition- 
face parallel to the vertical axis. J'lg 0. Twin crystal ; composition-face 
Foe. 

Psllomeiane, (Sa Mn) Mn -f 9n -H nS Ho. 
Sth. — HarCmanganerz. 
It is never crystalline, but masaive and botryoidal ; sometimes the free 
Pyrolusite which is mixed with it, shows traces of crystallization. This 
fbnnulB is the one around which the mineral varies. It appears to be a 
mixture in variable quantities of Pyrolusite, and Pyrolusite combined with 
basee, which are most generally Ea, sometimes Oa, rarely alkalies or SI, 
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with n Tiiriablo proportion of water. Not iinvinf* a very well defined 
composition, it has no verjfiEed characl^rs. It is harder than PjrohisiLe, 
and sometimes even strikes Gre with the steelr This is owing to the pre- 
sence of silica, which separates in a gelatinous state when it is treated 
with ncida. Lustre, suhmetallic. Opaque. Color, iron-black. Streak, 
brownish-black nnd shining. H.^S.G. 0=3.7-4.7. Composition, Sn 
and Hn 81.8, O 9,5, ft 4.5. H 4.2. 

P^r, &c, B. P. la a closed tube yields S. Loses oxjgeu hy 
ignition. Gives the reactions for Mo. Tielda CI with HCl. 
It appears to be a product deposited bj mineral waters. There is now at 
Luxeuil, in France, Thermal Springs which abandon a deposit, which ia 
quite analogous, produced by the deeomposition of Sin O held in solution. 
This spring holds in solutioa also the earthy carbonates and silica. The 
deposit which forma is compact and is quite comparable to Psiiomelane, 
It is also found in concretions resembling Pyroluaile, on breaking which, 
fibres are found, which are generally pure Pyroluaite. It ia also found 
in compact masses, wit!i n variable fracture, and with characters quite 
analogous to those of Pyrolusile, generally black with a black streak. 
Its hardness distinguishes it. In Uiese compouads the Kn eeeroi to act 
like an acid and to saturate bases. It has the same uses as Pyrolusite. 

Wad. & »n+a fi=ift, fia, Oo, Sin. 

SvN. — Bog Manga 

This mineral is found in nature in two different states. It ia some- 
times in lar^e amorphous masses, brown nearly black, which soil the 
fingers with a chocoiafe-brown powder. It lias such a low density, that 
it is frequently called Cork Manganesa> It is easily cut with a knife, but 
can hardly be pulverized with a pestle, for it shows a certain degree of 
elasticity. It has no lustre. It frequently contains Co. and is then 
called Earthy Cobalt. Sometimes it conuins On. It is oiten very light 
and soils the fingers. Its color is a dull bluish or brownish-black, or 
reddish-brown. H,=0.5-6, G.=3-4.26. Composition, Sin Hn 79.12, 
O 8.83, Ba 1.4, mOM. 

Pyr. 4cc. B, P. AcU like Pallomelane, the varieties containing 
6o or Cu react for these metals. Treated with HCl, gives off CI. 

It may sometimes be found as a concretion. It seems to have t>cen a 
muddy deposit, which has afterwards become dry, for the masses are 
usually very much cracked. When it is found in large masses it can 
be profitably used in commerce, for it is easily soluble and gives off a 
great deal ofCL In eomeof the Limonite mines, it is found in a condition 
totally different and has a silvery look. It is then called Silvery Man^ 
nese. It is found on the surfaces of the ore, as a velvety covering, with 
almost a metallic lustre. With the glass, little soft elastic scales of very 
thin Wad are distinctly seen. In some localities the one passes into the 
other, and. iho entire mass is then compact, with traces of a siivery lustre. 
It is used for making CI, but is too impure to make oxygen. It ' 
times used as a painL It is faiind abundantly in N. Y. and S. H. 

DiBTiKCTioHiBrwEBHTHEOxiiHESOF MiNOANEBB.— These oxides of MangRu- 
ese are very difficult to distinguisli with the blowpipe, as they all give 
the same violet bead wilJi fluxes. Manganile is distinguished by givinfi 
off water, from Braunite, Hausmannite and Pyrolusite. Wad is diatin- 
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giiished especUltj by its lightness ; for all the othera, the best diatinctions 
are taken from the color of their streaks. 

HAnsMANNiTE. — Acuta octahsdra witli plane faces; traces of cleavage ; 
streak brown ish-red. 

BiiAusiTB, — Octahedrn, curved faces without cleavage ; granular witli a 
bluish-black color; streak, brown. 

Pyrolusite. — Tender ; stains paper black. 

Mamdakitil — Black, witli no bluish color; fracture granular; streak, 
bmwn. Hardness greater than the others; gives off water. 

Wad, — Light ; soils the fingers chocolate-brown and gives off water. 

The only remaiQing oxide is Psilomelane which has no very distinct 
characters. It is generally necessary to make a chemical test for Ba, by 
treating with HCI and then with S. Its hardness is generally greater 
than that of the other oxides. 

Alabandlto. !UnS. Isouetrid. 

Syw. — Alabandine, Manganblende, Manganese sulfur^. 

It is sometimes fonnd in nature in cubes and octahedra and in crystal- 
line masses which are lamellar and have an easy cubical cleavage, but crys- 
tals are quite rare. - Its fracture is uneven. In its Iresh fractures, it has a 
metalUc lustre with an iron-gray color. It becomes tarnished black or 
brown in the air. The streak is a characteristic green. H.=3.B-4. G. 
=3.05-4.04. Composition, Mn 63.8, S 86.7. 

l^r. &c. B, P, In an open tube, gives S; is fusible witli diffi- 
culty on the edges. In 0. F., it is hardly roasted, but after the roasting, 
during which some S is ^ven off, the red oxide of Mn gives Mn reactions. 
With soda and nitre it gives a green color; with borax, a violet glass. 
Soluble in dilute S, giving off H8. 

It is a very rare miner^ and is fonnd in a semi -crystalline state, associa- 
ted with other minerals of Mn, thesilicate and carbonate. The Alabandita 
ifi deposited in gray veins or patches through the latter, which gives it ape- 
culiar look. This is one of the empirical means of distinguishing it. 

Tripllte. R'P'-|-R'F. OnTHonaouBic. 
BvN. — Eisenapatit, Eisenpecherz, Zwjeselit, ManganSse phospliatS. 

This is the usual phosphate of manganesa Cleavage unequal in three 
directions, perpendicular to each other. Fracture, small conchoidaL ' 

the fresh fractures, it ia of a violet color, which is often intense, but as so 

as it is exposed to the air, it becomes black or dark-brown. It is always 
opaque, The fracture and the lustre are resinous, especially in the varie- 
ties which have been altered and which do not show much cleavage. 
Opaque. Streak, yellowish-gray or brown. Very fragile. H.^4-5.5. 
G.=3.44-3.8. Composition, P 32.8, te 31.9, litn 32.6, Ca 3.3. The ft 
of this formula is te and Sin ; the R is Ca, Mg, Fe. 

Pyr. &e. B. P, Fuses easily at 1.5 to a black magnejic globule. 
Gives the reactions for chromium, iron and phosphoric acid. With Sgivt 
HFI. Soluble in HCI. 

The phosphates of manganese are the products of a more or less at 
vanced decomposition. They are always impure and contain a more t 
less amount of iron. Its resinous lustre ia characteristic, which, joined t 
the brownish-black color, allows it to be immediately distinguished. 
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Only one snbstanoe, Uraninite, has this color with the resinous lustre, bat 
it is easily distinguished by its density, which is above 6.6, while that of' 
Triplite is about 4. 

Kbodochroilte. &□ d. Ssxxoonth. 

8tn. — Dialogite, Himbeerspatb, Bosenapath, ManganspBth, MangBndBS. 

carbon at£!. 

It crvstallinos in rhombohedra or 106* 51', frequently with curved 
fkces. It has a rhombohedral cleavage, which ia sometimeB curved, but 
it 13 not easy. The crystals are usually very small, and the usual one 
shown is the rhotabohedron. They are generally grouped and inteB- 
penetraCed one vrith the other, making spherical mamelons, aud forming 
a coating on a gangue, which is usually Barite or Quartz. On these 
coatings the points of crystals are sometimes seen, which have a velvety 
lustre. The fracture of these little mamelons is semi -lamellar or Qbrous. 
The fracture is ordinarily uneven, sometimes Gbrous and rarely compact. 
It ia quite brittle. Lustre, vitreous or pearly on the fracture. Translu- 
cent. Opaque. Its colors are rose, which may be more or less dark, 
yellowish-gray, dark red or brown. Streak, white. II.=3.o-4.5. 0.= 
3.4r-3,7, Composition, fl 38.6, Mn 61.4. It is rarely ever pure, and 
usually contains i)a. and Hg. 

Pyr. &C. B. P. Dccrepitateii a little, becomes black and is infu- 
sible if it is pure. When it contains silica, it sometimes fuses slightly. 
It eETarvesces easily with acida, but not as easily as Calcite, as it must be 
heated a little. 

Sometimes it occurs as an imperfect coating, which is pulveru- 
lent and earthy, slightly colored, and generally mixed with Oalcite. 
The lamellar masses resemble Calcite, but tlie color and density 
distinguish it. It ia often mixed with Siderite, Magnesite or Dolomite. 
It decimiposes on exposure like the silicate, and is then covered vrith 
black spots of the different oxides, or of the sulphide, which is easy to 
determine by the color of the streak. It is found in Vermont, Massaohu- 
setts. New York and elsewhere. 

COBALT. 

■.Innseitc. 2 Co S+Co S'. Isouktbic 

Svs. — Cobalt Pyrites, Siegenite, Kobaltkiea, Eobaltnickelkiea, 

Cobalt sulfur^. 

It has an imperfect cubical cleavage. The ordinary form of the crys- 
tals is the octahedron, which, with the cube, always has plane faces. 
Its forms are usually holobedral. The fracture is unequal. Lustrei 
metallic. The color is gray, with a slight rosy tint, but becomes red by 
tamiaL Streak blackish-gray. H. = 5.5 G.=4.8-5. Composition, 
S4.2, Co 58. 

. Pit, Ae, B. P. Ia O. F., it is roasted, but does not show any 
traces of An or Sb. In the R. F., it gives a magnctio residue, and with 
fluxes the reactions for Co, It is insoluble in the non-oxidizmg acids, but 
in S it is dissolved, giving a rose-coiored liquid and deposit of sulphur. 

It is sometimes accompanied by other minerals of cobalt, or associated 
witli a gungue. It has been found at Mine la Uotte, in Missouri, and at 
Uineral Hill, Maryland. 

rOEMUIuB OF TnS CilYBTALS. 

PI. XXV. 

/V- 7- O. J^. 8. 0. ooOoo; the most frequent form. 
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Bleberlte. (Co,]JIg) S + 7 &. MoKocLinfo. 

Sts.— Cobalt Vitriol, Red Vitriol, Kobaltritriol, Cobalt sulfaW. 

It is uaually found aa a product of the alteration of Smallile. It ia a 

very incoherent maaa with a styptic taste, and ia generally found as a 

fiulverulent coating. It usually contains Fe 8. Lustre, vitreous. Traii«- 
ueent Color, flesh and rose-red, Cl. = 1.934. Composition, S 28.4, 
Co 2.5,5. 3 46.1. 

Pyr. ate, B. P. Yields fi and at a high heat, 9. Gives the reac- 
tioiu for Co. It is rather a product of decomposition than a mineral. 

Smaltlto. (Co, Fe, Ni) Aa'. Isometric 

SvH. — Smaltine, Chloanthite, Speiskobalt, Cobalt arsenicaL 

It occurs in crystals, the domiaaot form of which is generally the cube, 
but it always has outahedral faceawhich are convex, while those of LinucB' 
ite are plane. It is also found massive, with various imitative shapes. 
The cleavage is distinct, parallel to the octahedron and in traces, parallel 
to the cube. Lustre, metallic. Fracture, granular and uneven. Color, 
generrily a silver or tin-while, sometimes iridescent or grayish from 
tarnish. Strealc, grayish-black. II.=55-6. «,=6.4-7,2. Composi- 
tion, As 72.1, Co B.4, Ni 9.5, Fe 9.0. 

PfT. &C. B. P. On Ch., it ^ves Aa, and fuses to a globule. In a 
tube, it gives an arsenic mirror. With the fluxes, it aflbrds the reactions 
for Co, Fe, and NI. It ia not attacked by the non-oxidizing acids. 

The slightly crystalline masses usually have a reticulated s' 
is also found in amorphous masses of a steel-gray color. It 
covered with a green coating, which results from the nickel that it 
It is also found in masses, which have a serai-granular or semi-iameuar 
fracture. There is a great resemblance between these masses, Linnieite 
and Native Bismuth; but Lianseite is less lamellar and does not give off 
Aa; Bismuth is redder and cleaves in three directions and has a lamellar 
fracture. From Arsenopyrite and Leucopyrite, itcanbeeasilydistinguiah- 
ed by the crystalline form and blowpipe reactions. 

It has been found in the U. S., at Chatham, Ot. It is used for making 
smalt; hence its name, 

PI. SSV. 
Fig. 9. QO 00. O ; the most usual form. Fig. 10. oc O oo. co O. 

Cobaltlte. Co (3, As)* Isometric. 
Stn.— CobalUne, Kobaltglanz, Glanikobalt^ Cobalt gris. 
The form of the crystals is the same as that of Pyrite, and it oocura in 
the same combinations. It shows the hemihedry of parallel faces in ita 
crystals, which are well defined and which are its usual mode of occur- 
rence. It has a cleavage, parallel to the cube, so that in masses it is 
always lamellar. The crystals are frequently octahedral, but they always 
have the faces of the hemi-tetraheiabedron. The faces of the cube are 
usually striated aa in Pyrite, but those of the octahedron are fmooth. The 
hemihedry distinguishes it from Linnceite, which has the Wme metallic 
lustre, but which is holobedral. It has the same formula M Araenopyrite, 
b'.iC is not isomorphouB with it, although it always contains some iron. 
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Color, ailvRr-whtte, oitea a littl* 
I present. Streak, grayiah-blsok. 



Lustre, metallia Fracture, unei 
rosy and also grayish, if ranch i 
H.=5.5. C=e-63. Composition, As 45.2, Co 35. 6. 3 19.3,' 

Pfr. Ac, B, P. In a closed tube is unaltered; but in an open 
tubs gives 3 and a crystalliue sublimate of Sa. On CL, affords fumes of 
6 and As and fuses to a magnetic globule. With the Quxea gives the re- 
actions for Co, Ni and Fe. It is soluble in warm N, giving a rose-colored 
liquid and deposiling '&» and S. It is used in the manufacture of smalt 
and for painUng porcelain. 

rORHUL^ c 

Pt xsv. 



,.11. 



»02 



llie most usual asd characteristic form. 

, 13. The same, with the two funns eqnallj 
ai02 



; also a characteristic form. 



Brythrite. Co'^+Sfi. Mohocldito. 

Stn.— Erythrine, Cobalt Bloom, Eobaltbluthe, Cobalt arseniat^. 

It has an easy cleavage, parallel to the clinopinacoid and is isomorphous 
with Vivianite. Lustre on the clinopinacoid, pearly, on the other faces 
adamantine, also dull or earthy. Transparent, translucent. It has a 
Tiolet-rose color which ia entirely characteristic, sonietimes having the 
color of peach blossoms ; sometimes greenish-gray. Btrealc, a little paler 
than the color. These small crystals are frequently grouped in such a way 
as to give the mineral a velvety appearance. The crystals are always 
very Bmall. H.=1.5-2.5. G.=2.918. Composition, la 38,43. Co 
37.55, H 3*.02. 

PfT. d£C. B. p. In a closed tube it loses water, and from a rose 
color paKses to a dark violet In R. P., it gives off As. In acids, it dis- 
solves without effervescence and without residue. Generally it is a rosy 
efflorescence on other mineralsof cobalt. It often colors other minerals ; 
it requires only 1 or 2 ^ to give a decided color. 

Remlnetonite. Co C-fAq 

This is the same carbonate which is obtained in the laboratories. It 
colors certain limestones, in which it enters to the extent of 4 to 5* 
This same color may be produced by Erythrite. The difference is diffi- 
cult to distinguish by the eye, but can be distinguished by the blowpipe- 
It is soluble in HCl, and gives decided reactions for iron. Cobalt is dis- 
tinguished by the borax bead. Generally the specimens are nothing but 
Aragonite slightly colored. 

It resembles Kermesite, but this volatilizes entirely before the blowpipe. 
It resembles some varieties of Cuprite, but is distinguished by the reac- 
tions with borax. It has been found at Finkaburg, Md., at Ohaliiam, 
Conn., and Mine la Uotte, Missouri 
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NICKEL. 

nuierlte. Hi S. IIeiaoosai;. j 

Sth. — Capillary Pyrites, Haarkies, Schwefelaiokel, Nickel sulfur^ 

It is generally crystallized and perfectly pure. It has traces of a 
rhombohedral cleavage, which is generally aloiust impossible to deter- 
mine, on account of the very small size of the crystals. Its lustre is 
metallic Color, brass-yellow and otlcn with an iridescent tarnish. 
Streak, bright H.=3-3.5. G.=4.6 - 5.65. Composition, Ni 64.9, 
S 35.1. 

Vjf. Ac. B. P. In an open tube it gives sulphurous fumes; on Ch., 
after roasting in 0. F., it gives in R. F. a magnetio globule. It is attacked 
by the non-oxidizing acids and gives the green color of nickel. 

It can readily be distinguished Drom Pyrite by the disposition of its 
crystals, which are always capillary, sometimes extended on the gangue, 
and sometimes adhering by one extremity only and diverging. It ia fre- 
quently called Capillary Pyrites. It is found with other metallic sul- 
pnides, Pyrile, Tctrahedrite and especially with Pyrrhotite, in which it 
appears to replace a portion of the Fe S, and is one of the principal ores of 
nickeL To be certain of the presence of nickel, the mineral must flret be 
roasted, and tlien fused with borax or S.Ph. If there is no nickel, the 
result is a yellow glass not very highly colored; when there is, the glass 
is violet in the oxidizing dame, and gray in the reducing flame. It ia 
found in capillary fibers at Antwerp, Jefferpon County, N. Y., and in coat- 
ings of a radiated structui'e having a tufted appearance, at the Gap mine, 
Pa. 



Nlccolitc. Ni As. Hexagon Au 
Syn. — Copper Nitktl, Kupferniokel, Rothnickeikies, Nickeline. 

Crystals are exceedingly rare ; it is usually found amorphous. On the 
iresh fracture the lustre is bright and metallic, but the surfaces become 
tarnished by exposure. Theyai* often covered with a greenish coating of 
Annabergite, which can be used as an empirical character for distinguish- 
ing it. It is always opaque. Its color is a light copper-red, which is 
quite characteristic. The intensity of the color, however, is variable and 
ia subject to tarnish ; those specimens which contain anticaony are much 
darker, while tliose containmg arsenic are paler. Streak, pale brownish- 
black. H.=5-^.5. G.=7.33-7.671. Composition, Ni 44.1, As 55.9. 

Ni As must be regarded as a genera! formula, for Niccoiite is one of the 
hybrid species, in which arsenic and antimony replace each other, as the 
mineral may contain one atom of both together, or one atom of only one 
combined with one atom of nickel 

Pyr. Ac, B. P. On Ch., it gives off a garlic odor with white 
vapors, if it contains arsenic; when antimony alone is present, which is 
very rare, there is only a coating of antimony without any odor. It is 
soluble in aqua regla. 

The copper-colored mineral is ofteo associated with a tin-white mineral 
which is Hammelsbergite, Ni Aa'. This is one of its most chamcteristio 
associations. The color might cause it to be mistaken for metallic bismuth, 
which, however, is ahnost always crystalline, and has a density about 9. 
lb is found at Chatham, Cona 
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.nnlte. N't ( 9, As, Sb )'. IsouETBia 



It 13 another of the hybrid speciea, in which NL Co, Mn, Fe, As, Sb and 
S may replace eacb other in every proportion. It has traces of a oubical 
cleavttgo. It is sometimes found in erjatols ; they are generally rounded 
cubes, on whioh octahedral faces are sometimes seen, which also are 
rounded. On the fresh iraotnres it has a metallic lustre and a tin-gray 
color, which however becomes dulL The natural surfaces are almost 
always altered and are covered with a greenish or reddish coating, which is 
an arsenile of nickel or cobalt. 

Pf r. Sec B. P. Heated in a tube, it gives the orange -colored 
coating of As S and a black mirror of As or Sb. On Ch., it gives off 
white vapors of As and Sb and is thea reduced to a magnetic cinder. 
Decomposed by S aud gives a green solution with separation of sulphur. 

It is sometimes found in reticulated masses, which are frequently full of 
holiowa. It is sometimes in masses of irregular structure, which resem- 
bles Arsenopyrite. from which it h distinguished by its density as well oa 
by its fracture, which is irregular, while tiiat of Arsenopyrite is lameUar, 
A chemical test, however, is always safest. 

Aiiiiaberglte. ^i' 2^+8 S. Mohoqlinio. 
8ts. — Nickel Ochre, Sickeloker, Nickel arseniatS. 

It is Isomorphous with Erythrite. It is an accidental product and is 
found on other minerals of nickel, as a greenish efflorescence, with a 
color which is more or less intense. The pale varieties are usually mised 
with free Ss. When they are treated with boiling water, the intense 
green color of tiie mineral becomes evident. Streak, greenish- white. 
Composition, Si 37,2, Is 38.6, 3 24,2. 

Pyr. Stc. B. P. In a closed tube gives off water. Fuses easily 
and gives a metallic globule, which gives tlio reactions forNI. Itissolubl« 

It might he confounded with some of the ores of copper, but ii I 
distinguisUed by its chemical characters. This is soluble in acids with the ' I 
characteristic colors of Ni. It has been found at Chatham, Ct. 
ZaraMte. t!i 0+2 Si 3+4 S. 
Srs. — Texasite, Emerald Nickel, Nickelsmaragd. 
It is found as a crust, which is sometimes mamelonatcd. Itlias a vitre- 
ous lustre. Transparent to translucent. Color, emerald -green. Streak, 
paler than color. H.=3-3.25. C=2.S7-2.G93. Composition, Si 59.4, 
11.7, fi 28.9. 

Pyr. Ac, B. P. In a closed tube yields 3 and C; infusible, gives 

the reactions for nickel. Soluble with effervescence in dilute IICl, when 

healed. It is quite rare, except at Texo.a, Pn., where it Is found i " 

pontine, associated with Magnesite and Dolomite. 

ZIKC. 

Z Incite. 2n. Eezaoonai.. 

Srs. — Bed Zinc Ore, Rothzinkera, Zinc oiyd^. 

It ]s the same oxide which, is produced in the labornlories and ia 

metallurgical operations. It is red, however, owing to the presenca •£ %, 
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certain proportion of the oside of manganese, which Is always mixed 
with it, probably as £tn. It 1e alvrajs found as crjBtalline masses, having 
cleavages parallel to the hexagonal prism, and another very easy one, 
parallel to the base, so that the masses arc always lamellar, cracked and 
Blriated In the fracture it has a bright, almost adamantine, lustre, and is 
tranaluoent on the edges. Its color is chomcteristle, it is a dark orange- 
red, somewhat brown. Streak, orange-yellow. H.=4r-4.5. 0,=5.43- 
6.7. Composition, Zn 80.26, 19.74. 

Pyr, Ac. B. P, Heated in a closed tube bleaches, but resumes 
its color on cooling. Infusible. In the R. P., gives metallic zinc, which 
volaUiiees, oxidizes, and forma a white ring. Gives a green color with 
nitrate of cobalt Shows the reactions for manganese. Soluble in acids. 

It resembles somewhat red Stilbite, but is distinguished by its infusibility 
and its associations. It is used as an ore of zinc. It is found in masses 
in limestone at Franklin, N, J, It is also found associated with Frankli- 
nite at the same place. 

Sphalerite. Zn S. IsoMBTitto. 

Stn.— Blende, Black Jack, Zinkblende, Zinc sulfur^. 

It ia found crystallized, lametlar, compact and concretionary. The 
crystals are usually disseminated in a gangue, or united to form large 
crystalline masses which are always more or less lamellar. The crystaia 
show the hemi-tetragonal trisoctahedron, or the tetrahedron and cube ; 
it is usually found as a rhombic dodecahedron. The simple forms of 
Sphalerite are relatively rare. They are usually composite forms resiJting 
from complicated laws of derivation, and, what renders them even more 
camples, they are oHien macled and hemitrope. One of the most 
frequent of these results from the hemitropy ot the combination of the 
rhombic dodecahedron, and the tetragoniJ tris-octahedron producing a 
Gguie of 24 faces, 12 of which are triangular belonging to the tetragonal 
trisoctahedron, and 12 tetragonal, Pt. KXv, Fig. 24. It shows the hemihe- 
dry of inclined faces, giving generally tetrahedral forms. It has as easy 
cleavage parallel to rhombic dodecahedron, and a difficult one parallel to 
the octahedron. Fracture, conchoidaU Its lustre is very bright In the 
clear varieties it is sometimes adamantine, and in the dark varieties it is 
almost metallic ; sometimes it is resinous. Its colors are very variable, it 
is rarely colorless, but is generally honey-yellow, brown, black, red and 
green. When pure it is generally white or yellow. The variation in the 
color corresponds to a want of homogeneity in oompoEitlon. The yellow 
variety sometimes contain cadmium, and all contain a very variable propor- 
tion of iron. Whatever may be its color, its streak is white or rediUsh- 
browa H.=3.5-4. C,=3.9-4.2. Composition, Zn 87.0, 8 33.0, 

PjT. &C, B, P. Infusible. In O. F, it gives off sulphurous 
vapors and oflen a cadmium coating. The roasting is long and difficult, and 
after it, in the R. F. it gives a coat of Zn which is yellow when hot, and 
white when cold. Soluble in HCL With S very little red vapor is given 
off, but much H S. 

it is also found in lamellar, imperfectly crystallized masses, which may 
have every variety of color. These masses are sometimes lamellar and 
sometimes saocharoidal. The dark varieties may sometimes resemble 
Oamet, Vesuvianite and Gassiterite, but its density about 4. and the blow- 
pipe reactions distlDguish it. When it is concretionary it is in spheroidal 
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masaea radiated and with a fibrous fracture. These tnaaaea may be large or 
amall and show riogs of color. The fracture, where the mnsses are small, 
is usually compact. It might resemble io this state Barite, Celeslite, 
Siderile or Apatite, but is easily distinguished by acids and the blowpipe. 
It is fouad also with an entirely compact fracture resulting from a par- 
tial decomposition of the saocharoidal variety. These generally show soma 
Bcales, and their fracture and the blowpipe distinguishes ihem. Some of 
the dark varieties resemble Caasiterite, and certain kinds of Garnet, but it 
is distinguished both by its cleavage and hardness. It is one of tiie 
most abundant ores of mac. It ia found iu many places in the U. 8. 

TOBMXJLS Oi 

Fig. 16. Y' — a" ^- ^'- T' °"^' ^- ^^- ooOoo. 
CO 02. Mg, 19. Two octahedra interpenetrating. Fig. 20, Twfai 
otystal; composition-face 0. i^. 21. coO, showing the twin plane,. 

Fig. 22. Hemitrope from the preceding. Mg. 23. oo 0. 0. — 5—' 

303 

CO 00. Fig. 24. CO O. ■ „ ; a characteristic form. I\g, 26. 

Hemitrope from the preceding. Fig. 26. os 0, shortened in the direc- 
tion of the diagonal of the faces. Fig. 27. The flame, lengthened. 

Goilarlte. 2n 5+7 B, OtiTnniiiioHBTc. 
a™.— White Titriol, Zinc Vitriol, White Copperas, Zinc sulfatS. 

Crystallizes aa a right rhombic prisra of 90° 42'. It has a cleav^B 
parallel to the macropinacoid. Lustre, vitreous. Transparent, translu- 
sent. Color, white, reddish or bluish. Streak, white, n=2-2.5. «.= 
2.036. Composition, Zn 28.3, S 27.9, B 43.9. 

PjT. Ac, B. P, In a closed tube yields water. Gives (he reao- 
tion for iiinc and sulphur; easily soluble in water. 

It ia found as an efflorescence, or as an accidental product of decomposi- 
tion of Sphalerite in certain mines. 

SmltbBonlte. 2n 0. Hexagonal. 
Stn. — Dry-bone, Zinkspath, Kapnit. 

It ia found in rhombohedra of 107° 40', with a very easy rhombohedral ■ 
cleavage, which gives it a lamellar structure. The crystals are sometimea 
tie primitive rhombohedron and sometimes acalenohedra. In tiiis last 
case, the crystals are usually very small and cover the amorphous variety, 
They are frequently covered with b. coating which may be blackish or 
pure white. The rhombohedral crystals are usually much longer and have 
curved faces and a vitreous lustre, which is sometimes resinous, or even, ad- 
amantine. Its fracture ifl uneven. Color, white, green, yellow or brown. 
Streak, white. H.=5. G.=4-4.5, Composition, 2n 64.8, fl 35.2. 

PfV. Ac. B. P. In a closed tube loses 0. Infusible. On Ch., 
with sodo gives vapors which are yellow while hot, white when cold. It 
is soluble in acids with effervescence, which however ia slow; the acid 
must be heated to produce it. 
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It is variously colored by foreign substances. In coppw localilies it ii 



mga- 
nese. The Ftalnctitea, whicli are white, usually contain lime or magnesia. 
The eonoretioiiary raasaea have usually a atalactitic Btructure, occurring in 
little mamelons, sometimes covered with the points of crystals. Their 
lustre is generally feeble, but is sometimes vitreous. The fracture of 
these masses is sometimes lamellar or scaly, very rarely fibrous. They iu« 
sometimes compact and have the appearance of calcareous concretions. 
It is foimd amorphous and earthy, havmg the appearance of a coarse lime- 
Stone, but its density and the blowpipe distinguish it. It is also found as a 
white arborescent, compact mass. It oft«n resembles Biderite and the com- 
pounds of baryta and strontia, but is distinguished by the blowpipe. It is 
also distinguished from Sphalerite, WiUemite and examine by its action 
with acids. It is much harder than any of the carbonates, with which it 
_ might be confounded by its form and color. 

It is found in large quantities in Missouri, Iowa, Wisconsin andTennea- 
■ee. 

Hfdrozlnrlte. 2n 0+2 Za S.. 

SvH. — Zinc Bloom, Earthy Calamine, Zinkbliitke, Zinconise, Marionite. 

It is never crystallized. It is white and has a dull, earthy lustre. 
Sometimes when it has just been taken from the mine, it is translucent, 
but it quickly becomes opaque. It iiaiially forms a series of white coat- 
ings, with vacant spaces between each bed, which is irregular and bent. 
It is sometimes found in balls, having the same disposition in concentrio 
layers. I te streak is shining. H.=2 — 2.5. «.=:3.68-3.8. Composi- 
tion, &a 75.3, 13.6. H 11.1. 

PfT. dec B. P. Heated in a tube, it gives off water and becomes 
yellow, but turns white again on cooling. It is reduced with soda on 
charcoal, the zinc is volatilized, burned and deposited as oxide. Acids 
dissolve it easily with effervescence. 

This mineral was formerly considered as an accidental product in other 
ores of zinc. Within a few years, however, it has been found in very 
lar^ masses in Spain, and is a real mineral of zinc. It has been found 
iu Pennsylvania. Wisconsin and Arkansas. 

Tim, 

Cassicerlte. Sn. TmtAooHAL. 

Stn.— Tin Stone, Stream Tin, Zinnstein, Zinnerz, tuia oiidS. 

Simple crystals are usually rare, but are found with the forms, Pi, JLX VI. 
Fig. 1-5, Generally the crystals are macled around a plane parallel to 
the octahedron of the second order, P oo. This may take place on the 
prism or on the octahedron. Those macles show re-entrant angles and 
are often called fin bcaki (bees d'ft^n.) Sometimes these raacles occur 
several times, and give rise to geniculated crystals, figs, 9-11. The 
prisms are striated and cylindrical, while the faces of octahedca are 
smootli and polished. Each locality has forms peculiar to it, so that 
generally the crystals from the same place can be recognized by their fonn. 
Cassiterite is isomorplious with Rutile. It is trimorphoua. If Sn is pro- 
pared in the laboratory by the action of water on the chloride or fluorids 
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of tin, different forms are obtained according to the salt which is used. 
Both of these forms differ from the Cassiterite of nature. It has 
cleavages which are very distinct, parallel to both prisms. The frac- 
ture is ordinarily unequal, sometimes conchoidal, rarely lamellar. Lustre, 
adamantine. Transparent, opaque. The colors of Cassiterite are very 
variable. It is found exceptionally colorless and transparent, in a few 
localities. Generally its color is every ^adation, intermediate between 
blonde and black, owing to mixtures with iron. Sometimes, it is red, 
gray, white or yellow. The color is usually not equally diffused in the 
mass or the crystal, but is generally in bands. Streak, white, grayish or 
brownish. H[.=6-7. ©.=6.4-7.1. Composition, Sn 78.67, O 21.23. 

PjTi** Ac. B. P. Infusible. In R. F., it is reduced with difficultv, 
but soda facilitates the reduction. With borax, it melts easily and the on 
becomes the base of an enamel The glass is opaline and white« some- 
times somewhat vellow when hot, on account of the presence of a little 
iron. It is only slightly acted upon by acids. 

It is also found concretionary in zones of different colors, but it is easily 
distinguished by its density, which is between 6 and 7 ; and its hardness 
distinguishes it from Sphalerite and Barite, which it frequently resembles. 
It is found in rolled pebbles with different bands of colors, and is then 
called Wood Tin. It is distinguished by its hardness and its density. It 
may become substituted by pseudomorphism for certain crystals, especially 
for those of Orthoclase, which are hemitrope and half interpenetrated 
and which are found in the Trachytes. It is, however, only a kind of 
moulding, the cause of which is unknown. The Feldspar appears first to 
become clay, and the clay to be replaced by tin, without any perceptible 
change in the form of the crystal It is recognized by its density, which 
also distinguishes it from Vesuvlanite, some varieties of Garnet and Tour- 
maline, which it frequently resembles in form, lustre and color. From 
Sphalerite, it is distinguished by its blowpipe reactions and its hardness. 
It has been found in the U. S. at Lyme and Jackson, N. H. 

rORHULJE OF THK OBTSTALS. 

PLXKVL 

Fig. 1, 00 P. Pj P sometimes predominates. Fig. 2. ooP. P. 
ooPoo; also pyramidal as in Fig, 15. j^ 3. The preceding, with 
Pcx>. Iig, 4. 00 P. ooPj-. 3P|. P. Poo. Fig. 5. 3Pf. P. 
GO P. Mg. 6. Fig. 1 ; showing the twin plane P oo. Hg. 7. Hemi- 
trope from the preceding. Fig. 8. The same, but with the plane in a 
different position. Fig. 9. Hemitrope of Fig. 3. Hg. 10. Hemitrope 
of Fig. 2. Fig. 11. Trilling, formed by the repetition of the hemitropy. 
Fig. 12. Twin of four individuals. Fig. 13. Hemitrope of a pyramidal 
crystal Fig, 14. The same. Fig. 15. Hemitrope of a pyramidal crystal 
like Fig» 2. Fig 16. Hemitrope of nine individuals. 

Stannlte. 2 (eu, Fe, Zn,) S+Sn S'. 

Stk.— Tin Pyrites, Bell Metal Ore, Zinnkies, iStain sulfur^. 

The composition of this substance in not very well defined ; it appears 
to be a salphostannide of iron and copper with a little zinc. It has been 
found very rarely with traces of cqrstallization and of cleavage. Its 
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ing. It ia found at Mogaet Cove, Arkansaa, and at EUenville, Oranga 
Co., N. Y. 

PL XXYir. 

Fig. 15. CO P. CO Pro. f2; the usual form of Arkansil*. Fig. 16. 
The same, with OoPco predominating. Fig. 17. Co P. ooPco- 
odPcc. c»P2. p. iP. 2P. f2. 2P2. iPco. iPco. 25oo. 
OP; from the Urala. Fig. 18. ccP. OoPoo. cofoo. qoP2. P. 
iP. f2. 2f2. iPco. iPoo. 2PM. OP; from EUenville N.T. 






LEAD. 

Pb. 



Ibouetsic. 



Sts,— Gediegen Blei, Plomb natiC 

It has been found in Beveral localities, but is however ao accidental 
product, whieh is exueedingly rare. It has been found as globules in 
Galenit*, as filaments or slieefs in lava or basalt, or formed by reducing 
agencies oa either the sulphide, sulphate or carbonate of lead. When it 
ia found on the outcrops, as in 8, A., it is probably owing to fires having 
been kindled upon the veia. It is crystalline, and shows its system to be 
iiometric. Its lustre is metallic Color, lead-graj ; malleable and ductile. 
H.=1.5. G.=11.445. 

I"yr. dec, B. P. Fuses easily in the O. F., covering the Ch. with 
a yellow coaling ; in the R. F. volatilizes. 

Mlnliiiti. Pb+2 Pb. 
Btn. — Meonig, Plomb oxidiS rouge. 

In many localities oxides of lead are found as products of the decom- 
position of Galenite or Cerassite. It is always found as a [mlverulent coat- 
ing, on the surface of other ores. Lustre, greasy or dull. Opaque. Color, 
very vaiiable ; it is yellow when its composition is near Massicot and 
redder when it approaches Minium ; generally it is orange-yellow, which 
is more or less dark. Streak, orange-yellow. H.=2.3. G.=4.6. Com- 
pOBtion, Pb OO.GG, O 9.34. 

Pyr. &C. B. P. In the R. F. easily reduced to metallic lead. lU 
most distinguishing character is its color and association with the other 
ores of lead. 

Galonlte. Pb 8. Isoubtric. 
Sts.— Galena, Bleiglan;!, Bleischweif, Plomb sulfurS. 
It is by far the most important of the ores of lead, the other minerals 
being frequently nothing but the products of its alteration. It has a perfect 
cleavage in three directions at right angles to each other, all equally easy. 
It is usually found crystalline or crystallized ; the crystals are often very 
large, the dominant forms being the cube, rhombic dodecahedron and octa- 
hedron. The general form is the cube and octahedron. The crystals are 
sometimes macled and are usually the cube, macled by hemitropy around a 
normal to the face of the octahedron. More frequently it ia found as 
crystalline masses made up by the union of several crystals. The hemi- 
tropy of the cube is frequenlly found in these masses and ia recognised by 
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the cleftVftge, which shows two systems of cubes. It sometimes has a 
peculiar look, which is owing to a slight inclination of two systems of 
crystals, showing a slight depression between the two. It is also found 
in comby masses, formed by a large number of little crystals. Its fracture is 
ordinarily lamellar or saccharoidaJ, passing sometimes to a granular texture. 
In some particular varieties it is entirely compact, with a smooth, conClioi- 
dal fracture, showing concentric zones like some specimens of Silex. It 
has a grayish-blue color. In its fresh fracture it has a metallic lustre, 
which is quite bright, but becomes dull on exposure. Streak, lead-gray. 
H.=2.5-2.75. 0.=7.25-7.77. Composition, Pb 86.6, S 18.4. 

Pyr. Ac. B. P. In an open tube gives off S. On Oh., decrepitates, 
and then in 0. F. is roasted, giving off a sulphurous odor and lead fumes, 
which coat the coal at a short distance from the assay with a yellow rin^. 
After being roasted, it gives metallic lead which is malleable. It is soluble 
in acids, giving off BS. 

It usually occurs in lamellar or saccharoidal masses, in which way it 
occurs in nearly all the lead mines. It is usually found disseminated in 
Calcite, Quartz, Fluorite or Barite. The lamellse of these masses are 
usually small, sometimes plane, sometimes curved, and it can usually be 
seen that they are all arranged in the same general direction. Some- 
times these masses appear to be stratified. When the mineral is quite 
compact its color is much bluer. It is frequently found pseudomorphic, 
replacing crystals of other substances. The most usual pseudomorph is 
after Pyromorphite. Galenite is the simple sulphide of lead, but is rarely 
ever pure. It alloys itself by mixture with a certain proportion of sulphide 
of silver, which is isomorphous with it There is probably bo specimen 
of Galenite, which does not contain some silver. In some ores the propor- 
tion is very slight, while in others it is sufficiently large to make it an 
ore of silver. It is possible to a certain extent, to judge from external 
characters whether the ore is rich in silver or not, but these characters 
are only true within certain limits, and, if reliance is placed on them ex- 
clusively, very grave errors will be committed. In every case, recourse 
must be had to an assay for silver, in order to obtain a clear, or even 
approximate idea of the yield of an ore. The Gralenites with lar^e 
lamellae, and especially those which are well crystallized, are generally 
poor in silver. Those which show an arborescent structure are often 
argentiferous. Those with small lamellae, especially when their faces are 
curved, and have a granular fracture, and which are nearly compact and of 
a dark blue color, are generally rich in silver. The ones which are 
entirely compact, although they differ but little from those described, are 
rarely rich, but usually very poor. In the stratified Galenites, the glass 
usually shows parts which are lamellar and bluish, having the aspect of 
ordinary Galenite, but near to which there is a cement which is entirely 
compact and of a much whiter color. These parts are not Galenite, but 
a mineral which has about the same relation to lead, which Tetrahedrite 
bears to copper. It is composed principally of As, Sb, Pb, and other 
metals, and is always more or less argentiferous and is sometimes very 
rich. 

On account of its lamellar structure, Galenite might be sometimes 
mistaken for Stibnite, but is distinguished by being harder and less 
brittle, and by its cleavage in 8 directions, while Stibnite has only one ; 
the blowpipe also distinguishes it. It sometimes resembles Tetrahedrite, 
but is distinguished by its cleavage and by the absence of copper. At 
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first sight) Molybdenite resembles Oalenite, but is much softer, and 
lamellar in one direction only. Its lamellsB are flexible. Galenite is 
the most important ore of lead. It is sometimes used for glazing earthen- 
ware. It is found abundantly in the IJ. S., in Missouri, Illinois, Wisconsin, 
and also to some extent in N, Y. State, but tlie mines have not generally 
proved profitable. It has been found in many other states, partioularlj 
m N. 0. But Uttle of the Galenite of the eastern part of the U. S. is 
argentiferous. Some of the veins of the other states contain enough 
silver to pay for extraction. 

FOBMTTLJi OF THE CBTSTALS. 

PI XXVLL 
Itg. 19. 00 00. ; the most usual form. Mg, 20. The same, 

with the faces equally developed PI XXVIH. iY^ 1. oo O oo. oo O. Mg^ 

2. 00 00. 00 0. 0. I^, 3. The preceding, with the faces of the 

octahedron larger; a characteristic form. Mg, 4. ooOoo. ocO. O. 

fOf. i%. 5. ooOoo. 20. Mg, 6. 0. ooOoo. ooO. 20; also 

characteristic. Mgi 7. Twin crystal ; composition-face 0, and flattened 

parallel to the same. 

Boiimonlte. 3 (Cu, Pb) S+Sb* S*. Orthorhombio. 

Syn. — Wheel Ore, Radelerz, Schwarzspiessglaserz, Antimoine sulfiir^ 

plumbo-cupnf^re. 

The primitive form is a right rhombic prism of 93" 40'. It has an im- 
perfect cleavage parallel to the brachypinacoid. This is probably not a 
cleavage, but a separation of the different crystals. The simple crystals 
have two types, according as the dominant form is the prism or made up 
of the pinacoids, but such crystals of Boumonite are rare, as it is almost 
always found as macled crystals. .Bometimes the made is formed of two 
crystals only, but there are generally a large number of simple crystals 
arranged in a perfectly characteristic manner, somewhat resembling a cog 
wheel or pinion. In Brazil it is found in large crystals which have no 
lustre, but the surface of which is covered with points. It is also found 
in compact masses which appear to be parts of large crystals, that have 
been prevented from being developed. These can be easily distinguished 
by their fracture and peculiar lustre. They are covered in some specimens 
with blue or green spots, resulting from a superficial decomposition of the 
copper. It has a conchoidal fracture, whicu is usually smooth. Its lus- 
tre is metallic, and is very bright on the natural faces when they are 
smooth. Upon the fracture the lustre is somewhat resinous, without ceasing 
to be metallic ; this, with the nature of the firacture, characterizes the 
mineral. Its color and streak are gray, varying from iron to steel-gray. 
It is very brittle. H.=2.6-3. G.=5.7-6.9. CJomposition, Pb 42.4, 
Cu 12.9, Sb 25, S 19.7. 

Pjrr* dee* B* P. In a closed tube, decrepitates and ^ves a dark 
red sublimate. On Ch., it is fusible and gives off Sb. which is condensed 
in a white ring. In the 0. F., there is formed a yellow ring of Pb, and 
beyond that the antimony coat appears. In the R. F., a globule of copper 
is obtained, which is brittle. There is usually an odor of arsenic. De- 
composed by nitric acid. 

It resembles Tetrahedrite, but can be distingoished from it by the 
presence of lead. 
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FORMULiB or THE CRTSTAL8. 

PL xxvm. 

Fig. a OP. ooPoo. P. foo. Fig. 9. OP. 00 P. 00 Poo. 
oofoo. Poo. foo. Fig. 10. ooi^oo. OP. Poo. ooPoo. ooP; 
lengthened in the direction of the brachydiagonaL Fig. 11, 00 P 00. 
oof 00. OP. P. iP. 00 P. 00P2. oof 2. Poo. iPoo. foo. Fig. 
12. Twin crystal; composition-face 00 P. Fig I'd. Wheel-shaped 
crystal, formed by repeated twinning. 

Angleslte, ^b S. Orthorhombio. 
Syn. — Bleivitriol, Vitriolbleierz, Plomb sulfate. 

It is isomorphous with Barite and Celestite. The primitive form is a 
right rhombic prism of 103° 43', while that of the other tnin^rals is 104:** 
and 106'. It has a very easy cleavage parallel to the base, and two others 
parallel to the faces of the prism. Its crystalline forms are nearly the 
same as those of Barite. It occurs also in a combination of the rhombic 
octahedron and the prism, in which the octahedron always predominates. 
It is also found macled. The fracture is lamellar or conchoidal. Lustre, 
adamantine, vitreous and resinous. Transparent, translucent, opaque. It 
is generally white, but sometimes black on the surface, or tinged with 
yellow, green or blue. H[,=2.75-3, G. =0.12-6.39. Composition, Pb 
73 6, 8 26.4. 

Pyr, ACm B, P, Decrepitates and fuses in the flame of a candle. 
In the O. F., decrepitates and melts to a transparent bead, which becomes 
opaque on cooling. In the R. F., intumesces and then gives the reactions 
for lead, a metallic globule and yellow ring. Concentrated "S dissolves 
it completely. Soluble in 22,816 parts of water. 

It is also found in lamellar masses, which can be recognized by their 
density, which is about 6, and their adamantine lustre ; also in earthy 
masses, which are often either concretionary, or made up of beds fitting 
into each other. Such masses must be distinguished by their blowpipe 
characters. Its exterior characters ally it with Cerussite, but it is easily 
distinguished by the action of acids. It can be distinguished from all other 
minerals by. its reactions for Pb and S. It is found associated with Galen- 
ite. The most celebrated locahty in the U. S.was formerly Phenixville, 
Pa. 

FORMULiB OF TRE CRYSTALS. 

PI xxvm. 

i^^. 14. oof 2. Poo. Fig. 15. oof 2. Poo. oof 00. jF^. 16. 
The preceding, with P and f 00. Fig. 17. P ; from PhenixviDe. Fig. 
18. P. 00 P. Fig.19. ooP. iPoo. foo. P. P2. 00 Poo. 
oof 00. 

Clauitlialltc. Pb Se. Isometrio. 

Syn. — Selenblei, Plomb sfleniur^. 

It is a selenium Galenite. Nothing in its external characteristics dis- 
tinguishes it from the latter, with which it is associated in a very small 
number of metallic deposits. It has the same cleavage and is found in 
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lamellar masses, which have either large lamelke, or are saccharoidal or 
even granular ; detached crystals have not yet been found. Cleavage, cubic. 
Fracture, granular or shining. Lustre, metallic. Opaque. Color lead- 
gray, distinctly bluish. Strc^ darker than color. H[,=2.5-3. 0«=7.6- 
^.8. Composition, Pb 72.4, Se 27.6. 

Pyr, &c« B* P, In a closed tube, it decrepitates. In an open tube, 
gives the odor of selenium. On Ch., fuses readily and gives a strong odor 
of selenium, coating the coal near the assay gray, with a reddish border 
(Se), and beyond this yellow (Pb). K pure,. it is extremely volatile. 

The distinctive character is its blue color, which approaches to black ; 
but this character is a very delicate one and is difficult to appreciate. In 
reality the external aspect cannot determine it and it is indispensable, 
when the presence of this mineral is suspected, to test it. This test is a 
simple treatment before the blowpipe, which in the presence of selenium 
affords a strong and unpleasant odor. 

Pjnronlorplilte. 3 ^b' 1^+Pb CL Hexagonal. 
Stn. — ^Pho^hate of Lead, Grunbleierz^ Plomb phosphate. 

Its usual form is the hexagonal prism, with traces of a cleavage parallel 
to the prism and pyramid. It is generally crystaUized as an hexagonal 
prism, which may have a variable number of faces on the edge of the base. 
These crystals are often distorted by the rounding of their faces, or by 
having the base hollow as in the crystals from PhenixviUe, Pa. The gray 
or colorless varieties, which are nearly pure, are often found in large striated 
and rounded crystals. The yellow varieties, which contain Ss, are gener- 
ally quite regular. They are, however, somewhat rounded at times. The 
green varieties are usually in small distinct crystals, but are sometimes 
barrel-shaped. This rounding takes place on the vertical faces only and 
does not affect the base. In the orange-red varieties, the rounding of the 
vertical faces is even more distinct, so that the crystals are sometimes 
almost spheroidal This, with their color, almost distinguishes them. 
The fracture is conchoidal and smooth. Lustre, resinous. Translucent, 
opaque. The colors are very variable, preen, yellow, brown or white, and 
are dependent upon the composition. The varieties which are nearly pure 
phosphate of lead, are generally colorless or grayish, with a slight y^owish 
tinge. When they have a color which is more or less green, it is usually 
owing to the presence of copper or chromium. The varieties which con- 
tain considerable Xs are yellow. All of these varieties may occur together, 
so that the color is intermediate between gray, green and yeUow, and is 
sometimes very undecided. In some locahties it is found with a dark 
orange-red color, which is probably owing to the presence of chromic or 
vanadic acid. liVhatever may be the color, it has a peculiar hi&tre which 
is partly adamantine, and partly resinous. Streak, white, sometimes 
yellowish. H.=3.6-4.5. G.=6,5-7.1. Composition, l^b 74.1, 1^ 15.7, 
CI 2.6, Pb 7.6. P and Xs being isomorphous, small quantities of the 
latter are ol^en found in the crjstaK Some varieties contain also copper, 
vanr dium and chromium, without its being )M>$sibl« to make a separate 
species of them. Lime occurs al^o in smttU j>roportionsk 

P)r« Ae* B. P. In a clo^t^ tube givi\» a while »uUIiuate of chlo« 
ride of lead and As if the latter is pr««e»t« Fw^Nit at 1 A In the K F«« 
it gives a globule of lead whieh i$ btitlk; ii\ thtt 0« F^^ in«4t« aiul give&ik 
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globule, which in cooling assumes polyhedric forms. This a characteristic 
peculiarity. Soluble in acids with difficulty, but without residue. 

Besides these forms, it is often found in bacillary fibers which are often 
interlaced. These crystals are often dark and look very much like moss , 
this is especially true of the green varieties. It is also found in mame- 
lonated masses with a velvety lustre, owing to the little crystals which ap- 
pear on the surface. It is also found in concretionary masses of difFer- 
ent colors. These masses are characterized by their lustre, which is feeble 
but at the same time adamantine and resinous, the latter predominating. 
It is also found in amorphous masses, which sometimes appear to be inter- 
mediate between compact and concretionary. They are crystalline masses 
made up of large crystals, which have been prevented from being develop- 
ed. This is shown by the acicular crystals which are seen at a few points 
at the same time. These masses are very much like Anglesite and 
Cerussite, but their lustre is much less resinous, and their chemical characters 
are different, both with the action of acids and before the blowpipe. It 
sometimes occurs in red gummy-looking drops, when it contains vanadio 
acid. It is a valuble ore of lead. 

It was formerly found in great abundance in the Wheatley Mine, Pa., and 
in the Davidson Mine, N. 0. 

• TOBUVUB OF THE CRY8TALS. 

PI XXVIU. 
Fig. 20. 00 P. OP; most usual form. Fig. 21. OP. oo P. 00 P2, 

Fig. 22. ooP. OP. P. Fig. 23. ooP. OP. P. ooP2. 

Minietlte. 3 t^b* 2s+Pb CL Hexaoonal. 

Syn. — Gampylite, Mimetine, Mimetisite, Plomb arseniat^. 

It is generally found crystallized as an hexagonal prism, with a number 
of pyramids. Cleavage imperfect, parallel to the pyramid. Lustre, resin- 
ous. Translucent, opaque. Color, pale yellow, orange-yeUow, brown or 
white. Streak, white. H[*=3.5. G.=7-7.25. Composition, ^b is 
90.60, Pb CI 9.34. 

Pjrr, ACm B« P. In a closed tube, gives vapors of chloride of lead 
and of arsenic. Fuses at 1, and in the R. F. gives a globule of lead, the 
usual lead coating and often a white one of chloride of lead. Soluble in S. 

It resembles Pyromorphite in form and association, and it is sometimes 
difficult to distinguish between the two species, especially when Pyromor- 
phite contains arsenic. It is often botryoidal and compact It is a rare 
mineral and was formerly found at Phenixville, Pa., associated with Pyro- 
morphite. When found in large quantities, it is a vsJuable ore of lead. 

FORMULJB OF THE CRYSTALS. 

PI xxvin. 

Fig. 22. 00 P. OP. P; usual form. Fig.24t. ooP. OP. 2P. 
Pi XXIX. Fig. 1. ooP. OP. P. 2P. Fig. % ooP. P. Fig. 3. 
OOP. P. 2P. I^. 4 P. OP. 
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It is isomorpliouB with Wilherite, Strontianite and Aragonite, with 
■which it is sometimes asaociated. The angle of the prism is IIT" 13'. 
There is a trace of cleavi^e parallel to the prism, which gives the mineral 
at times d lamellar appearance. The »mple crystals have the same form 
as those of Aragonite, There is a form which is very much Catteaed, in 
the direction of the brachjpinacoid, i*i. XXIX /'iff. 7. This form is pecu- 
liar to certain crystalUoe masses, made up of aoicular crystals woven 
together, sometimes parallel li] each other, sometimes diver^ct or even 
interlaced witliout any apparent law. These masses are g'enerally milk- 
white and without lustre, or with a silky lustre, the crystals theroselvea 
'being often made up of little capillary crystals. Besides these simple 
forms, there are macles, which are generally hemitropes around the 
face of the prism. If this made is repeated several times, it gives the 
star-shaped twin, Fig. 13, but it is sometimes much more complex. 
As the angle is almost 120°, the interior opening being very smalt and gene- 
rally iuU cif massive Cerufsite, there results a regular star with six branches. 
It is very brittle. Fracture, conchoidal. Lustre, adamantine. Transparent, 
translucent, opaque. Its colors are white, grayiah-whito and yellowish- 
white, blue or green. It la sometimes black on the surface, bub this 
is superficial, being caused by sulphurous vapor, and does not interfere 
with the adamantine lustre. H. =3-3.5. G. = 6.465-6.48. Composi- 
tion, Pb 83.6. C 16.5. 

Pyr. &c. B, P, In a closed tube decrepitates, and seems to pass 
into a state of dimorphism similar to that which takes place with Aragonite. 
After decrepitation, it becomes reduced in the B. F. to a metallic globule. 
Soluble with effervescence in dilute S. 

It is frequently found in saccharoidal masses, which are easily distin- 
guished by their adamantine lustre and their density, which is about 6. 
Amorphous and earthy masses are also found, which are only character- 
ized by their great density. They are colored differently, according to 
their association. It resembles Anglesite, but is distinguished by the action 
of acids. It is a valuable ore of lead. It was formerly found in lai^e 
crystals at the Davidson Mine, N. C, and at Phenixville, Pa., and is 
generally found on the outcrops of veins. 

Pi XXIX. 

JTj. 5. P. 2 ? CO ; resembles an hexagonal pyramid. Fig. C. P. 
CO f 00. 2 P oo. 03 P i the faces 2 f oo and oo f od usually have horizon- 
tal atriations. JT?. 7. OoPco. P. CoP. CoPS; tabularcrystaL Fig. 
8. ooPoo. 4f oo. 2Poo. P. CcP. Mg. 9. Poo. oofco. P. 
00 P. C0P3. CO Pa. Fig. 10. coP. ccPgo. OP. P. 2 Poo. 
3Poo. 4Pa>. Mg. II. ooPoo. -jPod. 2Pod. 4Poc. P. ooP. 
CoPCD. 00P3. JiPco. Fig. 12. Twin crystal, with the combination 
iPco. 2 Fee. osPco. P. 00 P: composition-face oo P. Fig. 13. 
TriUing, with the combination os P 00. 03 P. P. i f 00. Fig. 14. Twin 
crystal, with the form of Mg. 7. Fig. 15. Eoriaontal projection of a 
twin crystal Fig. 16. Trilling, with the form of Fig. 7. 
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Grocolte, Ph Cr. MoNoouNia 
Stn. — Crocoisite, Rothbleierz, Plomb chromat^. 

It crystallizes as an oblique rhombic prism of 93** 42'. It has several 
cleayages, one parallel to the prism distmct, the other parallel to the base 
and clinopinaboid less so ; but these cleavages are difficult and as the sub- 
stance is very fragile it is not easy to determine them. It is always in 
more or less perfect crystals, which are generally attached to a gangue 
and form a crust upon it. Its fracture is conchoidal. Lustre, adamantine, 
vitreous. Translucent It is very brittle. Its color is dark red somewhat 
like that of Realgar, which, however, contains more yellow. Streak, 
orange-yellow. B[.=2.5-3. G.=5.9-6.1. Composition, ^b 68.9, Or 
8I.L 

Pyr, Ac* B, P. In a closed tube decrepitates and blackens, but 
iiecovers its color on cooling. Fuses at 1.5, spreads over the charcoal and 
gives in the R. F. a metaUic globule, a chrome scoria and lead fumes. It is 
easily dissolved in acids, and in HCl gives a green solution and crystallized 
needles of chloride of lead. 

FORMULA OF THE CRYSTALS. 

Itg, 17. 00 P. -P. P; both hemipyramids are equally developed. 
Fig. 18. 00 P. -P. Mg. 19. The preceding, widi oc 1 2. Fig, 20. 
00 P. 4 P oo; Beresowsk. Fig. 21. oo P. -P. 4 P oo. Fig. 22. oo P. 
ooP2. ooPoo. -P. Poo.. 3Poo. 2P2. OP. Mg. 23. ooP. 
•P. Poo. 2P2. OP. 2too. 1*00. itoo. 1^.24:. oot2. 
-P. 3 Poo. 4Poo. 00 P. 

Stolzlte, Pb W. Tetragonal. 
Syn. — Tungstate of Lead, Scheelbleispath, Wolframbleierz, Scheelitine. 

It is isomorphous with Wulfenite and is found under the same conditions. 
Its crystals are never flattened, but show the octahedron distinctly. It 
has an imperfect cleavage parallel to the base. Lustre, resinous. ' Translu- 
cent, opaque. Color, brown, red, green or yellowish-gray. Streak, color- 
less. H[.=2.75-3. G.=7.87-8.13. Composition, Pb 49, W 51. - 

IPyVm Ac. B, P, It decrepitates and fuses at 2 to a crystalline bead. 
In the R. F. on Ch., it gives a metallic globule. Affords the reactions for 
tungstic acid and lead. Decomposed by tty giving a yellow residue of 
tungstic acid. 

It is of a much browner color than Scheelite, but generally the two 
species must be distinguished by trial. It has been found in this country 
at Southhampton, Mass. 

FORMULA OF THE CRYSTALS. 

Ft. XTOX. 

Fig. 25. P. 00 P. Mg. 26. P. 2 P. oo P. P oo. 

l¥alfeiilte« Pb fio. Tetragonal. 

Syn. — Molybdate of Lead, Gelbbleierz, Plomb molyWat^, Melinose. 

It has an easy cleavage parallel to the octahedron, and a less easy one 
parallel to the base. The crystals are usually very short resembling square 
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tablets, and have faces of an ootahedron of tha second order, ■which are 
rareiy carried to a point. They are usually set on their edge on a gangue, 
the base having generally less lustre than the other faces. Sometimes the 
crystals are tliicker, opaque and without lustre. They have always about 
the same form, and rest on llie gangue in the same way. Exceptionally 
it is found with an octahedral form; they are usually small, and of a 
dark orange color. This variety always oontaius chromic acid. Its frac- 
ture is subcoQclioiilal and without lustre, even when the natural faces are 
brilliant. Italustreon the natural faces is resinous or adamantine, aome- 
times prominent and sometimes feeble, as it is oflen covered with a yellow 
powder. Translucent, opaque. Its color is yellow, with different shades; 
sometimes it is almost canary-yellow, sometimes orange-yellow, which is 
probably owing to the presence of a little chromic acid. When it con- 
tains tungstic acid it is brownish-yellow j it is also gray or white. Slreak, 
white. H.=2.75-3. «.=6.06-7.01. Composition, Pb 61.5, flo 38.5. 
Pjrr, Ac, B. P, It decrepitates and becomes dark-brownish yel- 
low, and fusts at 2. On Ch,, melts, and gives a metallic globule and 
scoria. Alfords the reactions for lead and molybdic acid. Decomposed 
on evaporation in HCi. 

It is also found in crystalline masses, made up of lamellte which are in- 
terlaced ; these masses are cavernous, being made up of crystals which have 
left considerable spaces between them, thus diminishing the density of 
the massj whioh should be about 7. The masses become at limes entirely 
compact, and show no traces of crystalline etructure. It has been found 
in this country at Southampton, Mass., and at Fhenixville, Pa. 

PI. XXX. 
J^g. 1. P. 00 P. OP. Fig. 2. OoP. OP. IP. Fig. 3. OP. 
0DP2. IP. OOP. Mg.i. JPos. iP. Mg. 5. OP. ooF. GoP2. 
Fig. e. OP. P. iP. Fig. 7, Poo. tPoo. P. iP. F^g.S. OP. 
iP. iPoo. Fig. Q. a>P<x). OP. ^ P ; PhenisviUo. 



All the compounds of lead containing oxygen, appear to have been 
formed by the action of outside agents upon Galenite. They are usually 
found in ihe vein within the inSuence of surface waters, whioh at 
lower depths contains sulphides only. Thus, Stolzita and Wulfenite are 
fonnd at Bleiberg in Carinthia, on the outcrop of a vein of Galenite, 
which is crossed by a vein containing Molybdenite and Wolframite. The 
occurrence of Anglesite, Cenissite, Pyromorpliite and Mimetite is similar, 
although these mmerals are more common. It is quite common to find 
pseudomorphs of all the oxidized minerals into sulphides or vice versa. 
All of the oxides of the metals, are usually found within surface influ- 
ences, the sulphides below being unaltered. 

BISMUTH. 

Btsmatb. Bi. Hbxaoonal, 

Syn.— Gediegen Wismut, Bismuth aatif 

It crystallizes aa a rhombohedron of 87' 40'. It is isomorphons with 

Antimony, having the aarae clearage parallel to the faoe of tlie rhombo- 
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hedron and the base, which gives it the appearance of having a lamellar 
fracture. Lustre, metallic. Opaque. Color, silver-white, with a red- 
dish tinge. It is subject to tarnish. Streak, same as color. Sectile. 
When cold it is brittle, but slightly malleable when heated. H[.=2-2.5, 
G. =9.727. Composition, when pure, Bi. 

Pjrr. &c. B. P, It melts in the flame of a candle. On Ch., fbses 
and is entirely volatilized, leaving a yellow coating. It is not attacked 
by HCL It is soluble in S, from which it is precipitated by diluting the 
solution with water. 

It is sometimes found in large masses, but is usually disseminated in a 
gangue. It has a definite position, all of the cleavages have the same 
direction, and most of the specimens look alike. The direction of the 
lamellse can be seen on almost every specimen. It usually occurs in reticula- 
ted masses scattered through a gangue. It has a rosy tinge which makes it 
resemble Linnseite and Cobaltite, but it is distinguished by its lamellar 
fracture and by its being completely volatile. It has been found in small 
quantities at Lane*s mine, Connecticut, and in 8. Carolina. 

BUmutlilnlte, Bi' S*. Orthorhombio. 

Syk. — ^Bismuth Glance, Wismutglanz, Bismuthine, Bismuth sulfur^, 

It crystallizes as a right rhombic prism of 91* 80'. The crystals are 
always acicular. It has easy cleavages parallel to the brachypinacoid &nd 
base, and a less easy one parallel to the macropinacoid. Lustre, metallic. 
Opaque. Color, lead-gray or tin-white, with a yellowish or iridescent 
tarnish. Streak, same as color. H[.=2. O. =6.4-7.2. Composition, 
Bi 81.25, S 18.75. 

Pjrr. &;c. B, P. In an open tube, gives sulphurous fumes and a 
bismuth sublimate. On Ch.. fuses at 1 into drops, brown while hot and 
yellow on cooling, coating the charcoal. Dissolves in U and gives a pre- 
cipitate on dilution. 

It is sometimes found massive, with a foliated or reticulated structure. 
It is also found associated with Native Bismuth and sometimes in large 
masses like Stibnite, with which it is isomorphous, having the same easy 
cleavage parallel to the brachypinacoid. It has the same general charac- 
ters also, except that the crystals are usually much smaller. It was 
probably much less soluble in the solutions from which it crystallized than 
Stibnite. Its color too is much darker, and it is sometimes variegated. 
It cannot generally be distinguished from Stibnite except by the blow- 
pipe or by dissolving it in If, which does not act on Stibnite. It has been 
found in Haddam, Ct., and in N. Carolina. 

Alklnlto. 3 (€u,Pb) S+Bi' S'. Orthorhombio. 

Stn. — Acicular Bismuth, Aciculite, Kadelerz, Bismuth sulfurd plumbo- 

cuprifi^re. 

It crystallizes as a right rhombic prism of 110*. The crystals are 
usually long and acicular, which gave it the name of Keedle Ore, and are 
generally imbedded in a gangue. Fracture, uneven. Lustre, metallio. 
Opaque. Color, lead-gray slightly red. H[.=2-2.5. G,=6.1-6.8. 
Composition, Bi 36.2, Pb 36.1, Cu 11, 8 16.7. 

Pjrr. Ae» B, P, In an open tube, gives sulphurous fames and a 
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bismuth £ublimnl«. On Ch., fiises and gives the bismuth and lefld coat- 
ings, Wiih fluxea, the reactiona for copper. Decomposed bj fJ. 

It has been found in the U. 8. itt Sorth Carolina and Georgia, and is 
often associated with Gold. 

Telradymlte. Bi' Te*. Hexaqonal. 

Stn.— Telluric Bismuth, Tellurwiemut, Bismuth tellurfi. 

It is found in pmall crystals which are often tabular. They generally 
(jhow &ces of a rhombohedron of 81° 2' and frequently the base, and are 
usually macled. Cleayage easy, parallel to the base. Lustre, metallic and 
very bright. Color, pale steel-gray. The laminic are flexible and soil 
paper. H. =1.5-2. CJ.=7.2-7.9. Composition variable, as it often 
contains sulphur and selenium; for the formula Bi' Te', Bi 51.3, Te 41.1. 

JPyr, See, B, F. In an open tube, gives a white sublimate of 
tellurous acid. On Ch., fuses and gives a white sublimate. In the R. F., 
IJnges the flame bluish-green. 

it has been found in the U. 8. in the gold mines of Virginia, N, Caro- 
lina and Georgia. 



Bys, — Gediegen Arsen, Arsenic natif. 

It cryslallizes as a rhombehedron of 85° 41'. It has an imperfect 
cleavage, parallel to the base. The crystals are rare and are very small 
rhombohedra. The fracture ia granular, and sometimes saccharoidal and 
even conchotdal. Lustre, almost metallic. On a fresh fracture, which is 
often very brilliant, it is steel-gray or tin-white. It afterwards tarnishes 
and becomes dark gray or black. Streak, same aa color, H,=3.5. 
G,=5.93. Composition, when pure. As, 

Pyr, Ac. B. P. Gives metallic arsenic in a closed, and S.s ia an 
open tube. In the R. F., it volatiliiiea without residue and without melting, 
coloring the Same blue. It is not attacked by HCi, but is soluble in ff. 

It can often be easily detached in plates, vrith curved surfaces which 
fit into each other. The oiamelons are generally large, and are covered 
with pointa of crystals. It is also found in bocillary masses as little irreg- 
ular priHms, generally in a gangue of Quartz or Barite. It is also found 
as concretionary masses in little mamelons, which have been deposited on 
the salient points of different minerals, often on Rhodouhrosite. This 
mamelonated character distinguishes it from Nagyagite or Hauerite, with 
which it is often as.«ociated. It has been found in :iie V. S, at Haverliill 
and Jackson, H. H., and at Greenwood, Me, 



Arsen ollte. 



Ss. 



Isometric, 



It is found rarely in little octahedral crystals, or na silky tufts on the 
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sides of a fissure. It is generallj found as a white, earthy powder, asso- 
ciated with Arsenic. It is probably dimorphous with Senarmontite. It is 
sometimes found botryoidid, stalactitic and earthy. Lustre, vitreous or 
silky. Transparent, opaque. Color, white, with a yellowish or reddish 
tinge, owing to impurities. Streak, same as color. Taste, astringent. 
H.=1.5. G.=3.698. Composition, As 75.76, 24.24. 

JPjVm Ae, ]!• P. Sublimes in a closed tube. On Ch., is entirely 
volatile, giving white fumes and a garlic odor. Slightly soluble in hot 
water. 
, It has no other characters, than its association and chemical reactions. 

Realgar. As S. Monoclinio. 
Stn. — Rothe Arsenblende, Roth Rauschgelb, Arsenic sulfurd rouge. 

It crystallizes as an inclined rhombic prism of 74* 26'. It is always crys- 
tallized or crystalline. The crystals usually have a very large nnmber of 
faces, but the primitive form is comparatively rare. The usual faces are 
shown in PI, XXX. Figt, 11-14. It has an easy cleavage, parallel to the 
base and clinopinacoid, and a less easy one parallel to the orthopinacoid. 
It fracture is smooth and conchoidal, with a resinous lustre. The lustre is 
bright on the natural faces which have not been altered. Transparent^ 
translucent, opaque. The color is a characteristic red. When it has been 
exposed to the light for a long time, it becomes orange-yellow. Streak, 
red when not decomposed, but generally orange-yellow. A. =1.5-2. 
G.=3.4-3.6. Composition, As 70.1, S 29.9. 

Pyr. ACm B* P. In a closed tube, it fuses and volatilizes without 
decomposition. The vapor is condensed in an orange-colored sublimate, 
which is also fusible and volatile. In an open tubC} it bums with an odor 
of sulphur and arsenic. It is soluble in caustic alkalies. 

In collections it must be kept from the light and- as much as possible 
from the air, otherwise it becomes decomposed and falls to powder. 
Realgar can usually be distinguished by its color, streak and hardness, and 
its association with Native Arsenic, and if necessary by its chemical 
characters. The only substances which resemble it are Orocoite and Cin- 
nabar. The color of the streak of Crocoite is yellow and its association 
is different. The blowpipe characters, streak, and chemical reactions dis- 
tinguish it from Cinnabar. 

FORMULA OF THE CRYSTALS. 

PL XXX. 

Fig, 11. 00 P. 00 P 2. OP. too, Mg. 12. The preceding, with 

P and ooPoo. Fig, 13. ooP. ooP2. ooP4. ooPoo. ooP2. 
ooPoo. P. OP. iPoo. Poo. 2P00. Poo. 2Poo. P2. 2P2. 
4P2. Fig. 14. ooP. OP. iP. ooP2. ooPoo. ooPoo. Poo; 
2 Poo. 

Orplment. As' 8*. ORTnoRHOMsio. 

Stn. — Auripigment, Gelbe Arsenblende, Rauschgelb, Operment, Arsenic 

sulfur^ jaune. 

It crystallizes as a right rhombic prism of 100° 40'. The crystals usual- 
ly show the brachydome, the rhombic prism, macro- and brachyprisms, 
macro- and brachypinacoids and an octahedron. It has a crystalline 
structure and a very easy cleavage parallel to the macropinacoid. On the 
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cleavage feces its lustre ia pearly, somewliat silky, beeauaa the clcftvago 
feces arc fcequently striated; elsewhere it is resiaoua. Translucent, lla 
color is a decided lemon-yellow ; sometimes slightly orange colored, 
owing to a alight admixture of Realgar, Ita streak is yellow and a 
little paler than the color. By cleavage, very thia lamalliB can be detached, 
which are flexible but not elastic. H, =1.5-2, C=3.48. Composi- 
tion, As Gt, 8 39. 

I^jT. &c. B. p. In a closed tube it fuses and volatilizes, giving a 
dark yellow sublimate ; acts otherwise like Bealgar. Dissolves in aqua 
regia and caustic alkalies. 

It has been found at Edcnviile, N". Y., on Arsenopyrite. 



PIXXX. 
Fig. 15. OOP. 



coP2. CO Pa 



oP2. 



%H. 



It crystallizi 
to the base, sc 
lamellce a 



AWTimONY. 

AntlmoDf. Sb. Hexagonal. 
Svs. — Gediegen Antimon, Antimoine natif. 

rhombohcdra of 87° 35', with easy cleavages parallel 



i always lamellar, and the iacea of the 
r less largo. lis lustre is bright and metallic when 
pure. The varieties containing arsenic have a very brilliant lustre on the 
fresh fracture, but this soon becomes gray and dark from a super- 
ficial oxidation, which is raore easily effected on arsenic than antimony. 
Color aud streak, tin-white. Very brittle. II.=3.35. G,=6.646-6.72. 
Composition, when pure, Sb. It generally contains one or two per cent. 
of impurity. 

Pyr. &.C. B. P. On Ch., it ia fusible and gives off vapors, which 
condense at some distance from the assay in a white ring. It is easy to 
distinguish thia from arsenic, which is much more volatile. The white 
coating ia the R. F. tinges the flame bluiab-green. 

It is generally found in lamellar masses, having almost a compact frac- 
ture. The varieties, which have very large lamella;, ai-e almost pure 
antimony. The others usually contain arsenic, the proportion of whidi 
can be distinguished to a certain degree by the sine of the lamellse. The 
proportion of arsenic is sometimes sufficiently large, to give the specimen 
the shelly character so common in Native Arsenic, the presence of which 
is easily verified by the blowpipe. It is sometimes found in large masses 
which are somewhat coated with a yellow oxide. It has been found in 
the U. a at Warren, N. J. 

SenarmoDtltc. Sb. laoMBTRic. 

Sv"N. — Antimoine oxydS octa^drique. 

It cryslallizea in regular octahedra, with a trace of octahedral cleavage. 

The fracture is almost lamellar, with a bright lustre which is always 



I 



parent or semi-translucent. When pure, it is colorless. Streok, white. 
H.=2-2.5. «.-5.22-5.8. Composition, Sb 83.56, 16.44. 

i»jT. Ac. B. P. In a closed tube, fuses and partly sublimes. On 
CL, it becomes reduced in the li. F. and is votatiliied, coloring the 
flame greenish-blue. It is insoluble in fi. 
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It is generally found in crystallized masses, with the crystals interlaced. 
If the crystals are very small, it becomes granular. It is generally white 
or without color, but sometimes grayish, when it has become mixed with 
clay. With the crystallized varieties are associated others that are 
compact and earthy and which have almost a conchoidal fracture, in 
which no crystalline character can be seen. Sometimes it resembles clay. 
It must then be determined by its density or blowpipe reactions. This 
mineral has only been found in Algeria, and is very rare in collections. 

FORMULiB or THE 0BT8TALSL 

PI XXX. 
Fig, 16. O ; characteristic form. 



Oxide of antimony is found crystallized in two systems, the isometric 
and the orthorhombic. It is therefore dimorphous. To the isometric 
oxide the name Senarmontite has been given, and to the orthorhombic, 
Yalentinite. A third oxide has been found, but not crystallized, so that 
it is possible that it may be trimbrphous. 

Yalentinite, Sb. Orthobhombio. 

Syn. — Weiss-Spiessglaserz, Antimonbluthe, Antimoine oxydd. 

It crystallizes in a right rhombic prism of 136° 58', with an easy 
cleavage parallel to the prism. It is frequently found as little crystals on 
the surface of Stibnite. The usual form is a combination of the prism 
with the brachypinacoid and domes. Its fracture is lamellar in the direc- 
tion of the brachypinacoid, which has a pearly lustre. The other faces are 
either adamantine, or dark and striated. Color, white, peach-red, gray or 
brown. Streak, white. H, =2.5-3. O. =5.566. Composition, Sb 
83.56, 16.44. 

Pyr. Ac. B* P. In the R. R, it is reduced and gives the white sub- 
limate characteristic of antimony. Heated in a tube, it melts without 
volatilizing, which distinguishes it from tellurium. It is insoluble in 1^. 

In Algeria it has been found in large masses on the outcrop of veins of 
Stibnite. These masses are made up of spheres, formed by little acicular 
crystals, diverging from a centre and fastened together. They have a 
very bright lustre, which is at the same time silky and adamantine. The 
open spaces between the spheres are filled up "by a yellow pulverulent 
mass, which is an intermediate oxide. The density of this mass is almost 
5, which prevents it being confounded with other earthy minerals. In 
detached crystals it resembles Stibnite or Gypsum, but it can be distin- 
guished by its chemical characters. The adamantine lustre and density 
make it resemble the compounds of lead, but there is no compound of 
lead, which is found in this state. The intermediate oxide which is asso- 
ciated with these masses, seems to be the result of decomposition of the 
ores of antimony by the surface waters, and is often found as crusts on 
their surface. 

FORMULAE OF THE CRYSTALS. 

PZ.XXX. 
Fig, 17. oof 00. ooP. Poo. 2P2. 



CS ON MINERALOGY. 
Sb' S'. ORTHORnOMBIO. 



It crjBtallizea as a right rhombic prism of 90° 54', with a cleavage 
parallel to the brachypinacoid so easy, that the lamelte cau frequently 
be detached with the nail It is found ia crystals, more or less perfect, 
which show the two general forni»,Pl.SSX,Mgi.l8 and 20. The aecond 
form, .F^. 20, is less common. These cryatala are generally striated 
and cylindrical. They are usually grouped together and divergent, or 
arranged in groups, which are som.etime8 several decimetera in length. 
The crystals are generally disengaged towards their extremity, bo that the 
terminations can be seen. The fracture is generally sub-conch o id al. The 
cleavage faces are scratched with the nail, but the other faces are harder. 
The color is lead-gray, with a metallic lustre that ia often very bright. 
It frequently becomes tarnished when exposed to the air, and is sometimes 
iridescent, and sometimes almost a dead black. Streak, same as color. 
The lamella; are flexible but not elastic, and make a dark streak on paper. 
H.=2. G. = 4.516-4.612. Composition, Sb 71.8, S 28.2, 

PjT. &,e. B. P, It IS fusible without the aid of the blowpipe. 
In the O. F. it becomes roasted, giving off sulphurous fumes. On Ch., in 
the R. P,, it gives the antimony coat and colors the flame greenish -blue, ' 

The crystSline varieties are sometimes bacillary and divergent at the 
same time. They then show a fibrous and lamellar structure and are 
often iridescent, which appears to be owing to a commencement of oxida- 
tion. The crystals are generally associated with an earthy or stony 
gangue, or with a mass of Stibnite, which is not well crystallised. The 
fracture of these masses is always lamellar, but only in one direction, 
which distinguishes it from Galenite, which has three cleavages. With 
Stibnito otlier substances are associated which have the same general 
aspec^ in capillary crystals grouped together and divergent, which, in 
some localities, become woven together like Native Antimony. They are 
minerals of antimony having a definite compositFion, generally siilpho- 
antimoniurets of lead. Before the blowpipe, these minerals give the re- 
actions for lead, as well as for antimony. There are also antimonio-sulph- 
urets of iron, which are found in amorphous and granular musses. 

In the U. S., Stibnite occurs in Maine, New Hampshire and Maryland. 
Argentiferous varieties have been found in Nevada. 



PI XXX. 

Fig. 18. 00 P. P. osfoo; the most usual form. Fig. ID. The pre- 
ceding, with 2P2. ^. 20. CO P. iP. oofoo. Fig. 21. ooP 
00*00. p. iP. 2f2. Sf2. ifco. 

KennesH«. Bb+2 Sb S'. Monoclinio, 

z, Antimoine oxid€ 

It crystalhzes as an inclined rhombic prism. It is usually found as 
capillary crystals, having a basal cleavage. Ltistre, adamantine or metal- 
lic. Translucent. Color, cherry-red. Stresk, brownish-red. H, = l-1.5. 
G.=4.5-4.6. Composition, Sh 75.3, S 19.8, O 4.9. 
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Pjrr, &G. B. p. In a closed tube, blackens, Tu^s Rnd gives a 
wliiCe BUblimale. If healed Etrongly, a black or dark red GubUniata ia 
formed, otherwise it acts like Stibnite. 

Its foTination appears to be owiog to the decomposition of Stibnite, 
either by the vapor of water or damp air. It occurs in fine fibres which 
ore usually capillary and divergent, or in silky tufts. Sometimes they lie 
flat upon the gatigue and are irre^Iarly woven together. Its principal 
character is its cherry-red color, which is rather brownish and perfectly dis- 
tinct from that of Erytbrite. 

To Kermcsite belongs a mineral called Silver Tinder. It has a variable 
composition aod an argentine lustre. It is never crystallized and is quite 
light and occurs as a more or less earthy mass, associated witli a gaogue. 

IIRAHTItTIW. 

ITranlnlte. C 0, Isometric 
9tn. — Pitchblende, Uraapecherz, Urane oxydulf. 

It has been found as an octahedron associated with a cube or rbombio 
dodecahedron, but usually it only shows traces of orys tall iaat ion. Its 
fracture is unequal and sometimes conchoidai. Lustre, eubmetaUic, greasy 
or dull. Opaque. Color, intense black, grayish, greenish or brownish. 
Streak, a lighter brown, grayish, olive-green a litde shining. H.=5.5. 
G.=6.4-8. Composition, C 32.1, 6 07.9. The degree of oxidation of 
the uranium appears to be variable, and is not very well determined. The 
mineral appears to be generally a mixture of several metallic osides. 

P)T, Ac. B. P. It is infusible. It colors the Game );reen, which 
has a different shade fiwm that of borocic acid or copper. With Iluiea, it 

fives a greenish -yellow bead in the 0. F., which becomes green in the R. R 
t ia not acted on by the non-oxidizing acids. Aqua regia and S 
dissolve it to a yellow solution, from which ammonia precipitates tho 
uranate of ammonia, which is fiaky and yellowish. 

Its fracture and lustre make it resemble Triplite, but it is distinguished * 
by it* density, whicli ia near 7, and whicli is its distinguishing feature. It 
ia frequently covered with a pulverulent yellowish coating, which is uranic 
acid or soino other intermediate oxide, or a subsulphate or phosphate of 

AutnDlle. 6= P-i-Ca fl-f-7 It. ORTnoRaouBio, 

Stn. — Lirac-tTranitej Uranit, Kalkuranit. 

It crystallizes as a right rhombic prism, the angle of which is very near 

a right angle. It has a very easy cleavage partdlel to the* base, which 

gives it a very lamellar structure, both on its natural and cleavage faces. 

It is usually found as a crystalline incrustation, which has a fan-shaped ap- 

fearance, as they are formed of a large number of crystals placed together, 
t is ordinarily impossible to distinguisii any form. Its lustre on 
the base is pearly, elsewhere almost adamantine. Translucent. It has an 
orange-yellow color, showing greenish reflections however, owing to 
traces of copper. Stj'Bak, yellowish. H.=2-a.5. G=3-05-3.19. 
Composition, B 62.7, Ca 6.1, P 15.7, S 15.5. 

PjT. *c. B. P. Melts in tlio E. F. to a black globule, first swoll- 
inf( and losing its water. It is soluble in H, giving a yellow solution. 
In the ij, S., it is found at Acworth, N. H., and at Philadelphia, Pa. 
11 
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Its general characters are the same as those of Autunite; it has the 
same caf^y cleaTage, and is usually well crystallized. The crystab are 
often tabular and sometimes show traces of octahedra. The crystals are 
sometimes made up of crystalline plates, piled the one on the other. The 
base has a pearly lustre and is pale green. The vertical fiices are Titreous 
and darker in color. They form coatings on the gangue, reposing usually 
on tlie base and are quite analagous to Mica, except in their color. Lustre, 
pearly on the base, elsewhere adamantine. Transparent, translacent. 
Color, various shades of green. Slreab, paler than color. Sectile. H.=: 
2-2.5. G.=3.4-3.6. Composition, C 61.20, Ou 8.44, P 15.57, H 15.05. 

PjT. ScK, B, p. In a closed tube, yields water. Fuses at 2.5 to a 
blackish mass, coloring the flame green. Gives the reactions for uranium 
and copper. 

FOBUtrt.* OF THE CRYSTALS. 

PI XXX. 

Fig. 22. P. OP. Mg.23. c»P. P. OP. Mg. 2i. P. OP. 

osPcn. JTs.25. P. OP. Poo. JTj. 20. OP. JP. 2P. JTj. 27. 

CoP. OoPoo. 2P. *P. OP. 

Molybdtte. So. OnTuomioHBio. 
Stm. — Molybdine, Molybdanoker. 

It crystallizes as a right rhombic prism of 136* 48', It is isomorphoua 

■with Valectinite. It is found in capillary crystals tufted or radiated, or u 

a coating on Molybdenite, resulting from its decomposition. Lustre of 

the crystals, silky, of the incrustation, earthy. Color, straw-yellow, 

, H.=l-2. G.=4.4fM.5. Composition, Mo 65.71, O 34.29. 

Pyr. &C, B. P. On Ch., juses and coats the coal with yellow 
crystals near the assay, which are white on the outer edge of the coat- 
ing. The coating in the E. P., becomes blue, and then red after long 
heating. With borax in the 0. F., it gives a bead, yellow while hot, and 
colorless on cooling; in the R. F., the bead becomes black. 

It is found on Hew York Island, assooiated with Molybdenite, also in 
Pennsylvania and Georgia. 

molybdenite. Ifd B'. UohoclihicT HEZAcoifAL? 
Sth. — Molybdanglauz, Wasserblei. 

It is found in tabular hexagonal prisms, with a cleavage parallel to the 
base. It is usually found in thin scales of a grayish-blue color, which are 
flexible but not clastic, and which soil the fingers with a bluish-gray stain. 
Lustre, metallic. Opaque. Color, lead-gray. Streak, same as color. 
H.=l-1.6. 0.=4.44-4.8. Composition, Mo. 59, S41. 

Pyr, A.C. B. P. Un Ch., after beating some time it bums, giving 
off a sulphurous odor, and leaving a yellowish infusible residue, which 
is molybdic acid. Decomposed by S. 

It resembles Graphite somewhat, but it is blue end acts differently. 
On glaired porcelain, it givea B greenish stiuk, while Graphite gives a 
black one. 
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Sys, — Gediegen Kupfer, Cuivre nati£ 

It cryataliizes generally in cubes, actahedra, rhombic dodecahednt or tet- 
rahexahedra. It is frequently found regularly crysLallized ia large arbor- 
escent masses, ramiGed and dendritic, wliica are formed of cubes atid 
octoiiedra more or lees lengthened out and joined IjDgethor. It ia aUo 
found in thia sheets, which cover or penetrate different substances. Ita 
fracture ia hackly,' Lustre, metallic. Color, copper-red. Streak, metallic, 
shining; ductile and malleable. H.=2.5. Ct.=8.833. Composition, 
copper with a little silver, bismuth, etc. 

Pyr, Ac, B, P. Fuses ea:9ily. Soluble in acids. 

Its density is less than that of melted copper, which is 8.921 when simply 
melted, but when hammered, it is 8.852. Its sonority is also different 
which would seem to show that it has been formed in the wet way, either 
by chemical or galvanic precipitation. What appears to corroborate this 
opinion is that it is often found moulded on crystals and other substances, 
Uking pseud morphia forms. Thus, Oalcil« and otherminerals which would 
not have resisted the high temperature of the fusion of copper are oiten 
found coated with iL It almost always contains a certain proportion of 
silver, which cannot always be seen, but which appears to show a simulta- 
Deoua precipitation of the two meiaU. 

It is always easy to recognize it by its metallic lustrp and red color, 
which however is sometimes masked by superficial action, but it is easi- 
ly seen by breaking or scratching with a knife. It is also found in Tery 
large amorphous masses in Lake Superior. The largest ever foimd weight 
420 tons and contained 90^ of copper. 

FU1U(0I,« OF TDK 0RTBT4LS. 

PtXXXL 

Mg. 1. O302; a frequent form. J-^. 2, Hemltrope of the preced- 
ing; cocnposition face O. i^. 3. The same, flattened; resembles an 
hexagonal pyramid. 

Cuprite. 6u. Isouetrio. 

SvM. — Octahedral Copper Ore, Eotbkupfererz, Ziegelerz, Cuivre osidulS, 

Chaleotrichite, Kupferbluthe. 

Its crystals are generally the octahedron which is either simple or modi- 
fied, sometimes the rhombic dodecahedron, but rarely the cube. Some- 
times the cube is lengthened to capillary forms. It has an octahedral 
cleavage which makes it oden look lamellar on its fracture. Its fracture 
is conchoidal or uneven, sometimes lamellar. On tlie natural faces its 
lustre is quite bright and is semi-adamantine or semi<metallic. In some 
varieties it ia earthy. Its crystals are sometimes transparent or translu- 
cent in thin pieces. Its color is dark blood-red ; sometimes almost black. 
Its streak is dark cochlneal-rcd. H. =3.5-4. G,=5.85-6.15. Composi- 
tion. Cu 88.8, 11.2. 

Pjnr. &c. B. p. In the 0. F., it is infusible and gives a black 
scoria. In the R. F., it gives a button of metallic copper, which is mallea- 
ble and ductile. Soluble in SCI and Ht, 

It ia ollen found ss crystalline masses, made up of crystals disseminated 
in a gangue or interlaced among themselves. These are generally smaU 
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BuS iadiatiDCt, and give to the whole mass a ramified or Hcorinceoua look. 
At Chessy, near Lyons, France, Cuprite was fonnerly found in large 
crystals. They are transformed on their outside into Malachite, without 
having the regularity of their faces disturbed. This is aooietitnes super- 
ficial, and sometimes only a httle core of Cuprite is left, and in others the 
pseudomorphism is complete. The faces of some of the crystals are simply 
concave, while others are completely hollow. This is generally true 
of the octahedron, the edges of which, however, are very prominent, the 
faces being very mueh sunken. It also occurs iu semi-lamellar maSBea of a 
lighter red than the crystals, havmg almost a granular or compact fracture. 
These masses have a density above 6, and are almost always accompanied 
by some stain of copper. It might be mistaken for Hematite or Magne- 
tite, but the streak and blowpipe characters we different. When found 
ia 'capillary crystals, which are generally elongated cubes, it is called Chal- 
GOtrichitB. This is frequently associated with Limonite. It has a peculiar 
lustre, and its capillary condition and reactions with the blowpipe, make it 
easy to distinguish. This variety is quite rare. 

When found in large quantities, it is a valuable ore of Copper. In the 
U. 8. it has been found at Someryille, N. J,, and Oornwall, Pa., and 
Lake Superior. 

FOEMULiS or THE CHTStALB. 

PI. XXXT. 

Fiff. i. 0; the most frequent form. Mg. 5, ooO; also characteristic, 
Mff. 6. CoO. O. Fig. 7. Octahedron, with cavernous faces. Fiy. 8. 
0. 202. oo02. 30|. 20. co 0. 03 co. 

Chalcocite. €u S. OuTnoBHOHBio. 

Srs, — Vitreous Copper, Copper Glance, Chalcosiae, Kupferglanz, Cuivre 

sulfur^. 

It crystallizes as a right rhombic prism of 119' 35'. By fusion and de- 
cantation, it can he artiSciaUy obtained in octahedra. This dimorphism i^ 
only a question of temperature. The angle of the prism gives rise to 
limit forms. There is a trace of cleavage parallel to the prism. Crystals 
are not abundant, but they show appearances of limit prisma, which re- 
semble hexagonal types. The base of the prism shows slight striations, 
which are parallel to brachypinacoid. These striations serve to distinguish 
the simple crystals from those which are formed by the union of sis crystals 
placed together upon the face of the prism. The base of such crystals 
shows radiated strice. It has another peculiar made, formed by four crys- 
tals joined in a cross around the faces of (he brachydome. Fracture, 
conchoidal. Lustre, metaUic. Color and streak, dark blue, almost black. 
It is ductile, and can be easily cut with a knife iuto curved ghavings. 
H.=2.5 to 3. G.=5.5 to 5.8. Composition, Cu 70.8, S 20.2. 

PfT, &c, B. P. It melts in the flame of a candle, giving off 
sulphurous acid. Gives the reactions for copper, It is soluble in hot S, 
but is not acted upon by cold. 

Besides the crystallized varieties it is found in semi-lamellar, semi-com- 
pact masses, with almost a conchoidal fracture of a bluish color, which in 
old Iracturea is very dark. It occurs sometimes in schistose masses. It 
has also been found in ramified or stalftctiiie forma, which appear to be 
pseudomorpha after Native Copper. It is usually ductile, hut has been 
fouad in masses which do not possess this property, aJthough having the 
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same phjsioal appearance. It is then probably alloyed with a consider«- 
ble proportion ol Argentite, It resembles Argentite, bnt the lattei' ia more 
sectile, has adifierent lustre and gives differeatreactions with llic blowpipe. 
The mines at Bristol, Conn., furnished soixui of the most beautiful speci- 
mens, that have ever been found. It has been (bund in New York, New 
Jersey, Virginia and other states. 

rORUVLM OF THS CBYBTALB. 

PI. XXXI. 
Mg. 9. OP. coP. t»f GO. Fig. 10. OP. 4P. ff oo. J^. 11. 
OP. cdP, coPoo. tP. JPco. Mg. I'J. Group of twin crystals; 
the lower half with the composition-face ooP, the upper half twinned witJi 
a face of J Poo. Fig. I'i. Cruciform twin, having OPandooP of one 
crystal parallel respectively to oo f go and P of the other, 

Borutte. (€ii, Fe)S. Isoueirio. 

Stm. — Erubescite, Purple Copper Ore, Peacock Ore, Buntkupferkies, 
Cuivre pyriteux hepatique, Philipsite. 

It is found in cubes, octahedra and rhombic dodecahcdro, whicl} are 
either simple or macled on one of the faces of the octahedron, but crystals 
are very rare. It bus traces of an octahedral cleav^e. Its fracture is gen- 
erally unequal and conchoidah Lustre, metallic. Its color is reddUh-b rows 
or a dark violet-blue, with a great variation in colors, owing to tarnish. 
Streak, blackish bronze-yellow, H.=3. Ci.=4.4-5.5. Composition, 
lor ( J eu-l-i Fe) 3, is Cu 70.13, Fe 7.76, B 22.11. 

Pyr. Ac B. P. In a closed tube, gives a faint sublimate of sul- 
phur. Id the 0. F. it is roasted with a sulphurous odor and gives in the 
R. F. a half-melted globule, which ia attracted by the magnet. Soluble In 

s. 

It is generally found compact and shows such a brilliant play of colors, 
that it is not possible to confound it with anything else. It is found at 
Bristol, Conn., in crystals. It occurs massive in Mass., New Jersey, 
Penn. and elsewhere. 

FOBWILfi Of TUE CaVSTlLE. 

PI XXXI. 
Fig. U. coOoo. 0. Fig. 15. wO. 2 02, 

Clialcopyrlte. ©i B-j-Fe S-*-Fe S'. Tbtbaoonal. 

Svp. — Copper Pyrites, Kupferkies, Pyrite cuivreuse, Cuivre pyriteux. 

The prism is very near the cube. It is found in crystals or in concre- 
tionary or amorphous masses. The crystals are sometimes octahedra but 
more frequently sphenoids, which, on account of the small difference in 
the edges, resemble regular tetrahedra. But of the three edges which join 
at the same solid angle, two only are of the same kind, so that the modill- 
cations that can be produced upon them are not in pairs of 3, but of 2 
and 1 n'hich shows it to be tetr^onaL It has traces of cleavage parallel 
to the vertical faces of the prism. Fracture, conchoidal or uneven. II 
has a metallic lustre and a bross-yeQow color, which is deeper than that 
of Pyrite. It is subject to tamiah and is often iridescent. lI,=3.3-4, 
C=4.1-4.3. Composition, Cu 34.6, Fe 30.5, S 34.9. 

Pf r. StQ. B, P. In a closed tube, decrepitates and gives off S. 
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On Oh,, melts, giTin" off sulphuroua ftoid, and yielda a magnetic globule. - 
Solublci in ft. 

It often kIiowb on amorphous masses a play of oolora, which is owing lo 
n superficial alteration. This iridescence is sometimes found on the frac- 
ture when the fissures have been acted on by the same agency that affect- 
ed the surface. These cojors are very bright, but are generally lighter 
than those of Bornite. The concrebonaiy varieties are generally little 
mamelons separated from each other, which are quite smooth on theif 
surface and Etalaotitic in character. The amorphous masses, whidi are 
the most common, ore recognized by the yellow color, which ia often 
variegated, the unequal fracture and hardness. It does not strike flro with 
the steel, which character distinguishes it from Pyrite, with which it ia 
often associated. 

It is a valuable ore of Copper and is found in naany localities in the V. S. 



PI. XXXI. 
F^g. 16. P; the two sphenoids equally developed, JTy. 17. — ■ 

— _. I^g. 13. P. P, 2 F 00. P 00. IXg. 19. The same, but with 

one sphenoid further developed than the other. Fig, 20. — ■ . 

OoPoo. JTj. 21. -^ _— . CO P. 2 Poo. Jly, 22, nemitrope; 

composition-face P. Fig. 23. Hemitropo of Fig. 18, Fig. 24. Twin 
crystal ; oorapoaition-face P Co. Fig. 25. Twin crystal of the form F%g. 
17. Pl'SSXil.Fig. 1, Twin crystal, composition repeated four times. 
Fig. 2. Twin crystal; Cornwall, Fig. Z. Twin crystal; OP. -IP, 
P. J P. I Poo; composition-face P CO. 

TennnDtito. 4 (eu,Fe) S-hAs* S'. IsouEraia 
ST.f.^Arsenikalfahlen!, Kupferblende, Zincfalilera. 

Its dominant form is the rhombic dodecahedron, with small faces of the 
tetrahedron, H. XXSIL Jiy. 8. It has traces of dodecahedral cleavage. 
Fracture, uneven. Lustre, melftllic. Color, blackish lead-gray to iron- 
biack, and in old fractures, dull black. Streak, dark reddish-gray. 
H.=3,5 to 4. Ci.=4.37 to 4.53. Composition, Cu 47.70, Fe 9,75, Ah 
12,46, 8 30.25. 

PjT. &C. B. p. In a closed tube, gives a sublimate of sulphide 
of arsenic. In an open tube, sulphurous fumes and arsenous acid. On 
Ch., fuses with inlumescenoe to a magnetic globule. In the II. F. gives a 
brittle globule of copper. 

There are two compounds of copper, having very nearly the same 
composition, in one of which arpenio predominates, and in the other 
nnlimony. The former is called Tennanlire, and the latter Tetrahedrite. 
These two varieties show different erysialline type^ although they both 
erystallizB in the isometric system and both show the hemihedry with in- 
clined (aces. 
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Tctrabedrlte. 4 (eu, Fe, Zn, Hg, Ag) B (Sb, As)' B'. Isohbtrio. 
Srs. — Gray Copper Ore, Falilera, Cuirre gris. 

It crystallizes in tetrohedrft, which are luuallj modified bj the hemi- 
tetragoiial Crisoctahedron. They are rarely simple, and show traces of a 
tetraliedral clenTage. Fracture, subconcbaidal or uneven, Its lustre ia 
bright and metallic, both on its fracture and oft the natural faees of the 
crystal, and does not become black on exposure, and is never resinous like 
that of HoLtrnonite. Its color Is a blockish-gray, which ia more or lean 
dark. lis streak is grey, and much lighter than that of Tennantite. 
H.=3-1.5. G.=4.5-5.11, Composition, Cu 19-25, Pe 2-7, Zn 1-T, 
Ag 0-31. As O-U, 8b 11-28, 9 19-26. 

Pfr. &c. B, P, In the 0. F., it is roasted, giving a alight odor of 
arsenic, and fumes of antimony, atid in the R. F., gives a brittle globule 
of copper. Decomposed by If. 

It is found in masses with or without gangue. They are easilj 
distinguished by their color and lustre, and their granular appearancfi. 
They often have blue or green stains like other minerals of copper. H 
sometimeB rerambles compact Galenite, but ila color is a muchligblergray^ 
and it has no tin^ of blue. It resembles Chalcocite, but this is sectile and 
less bright, and it does not have the same density. Boumonite has a con- 
choidal fracture, a resinous lustre, and is not so hard. It is diaUuguiahed 
b; the color of its streak, from Hematite, Magnetite and the oxides of 
Manganese. The blowpipe distinguishes it fronH other minerals. It is 
worked for copper and often for silver. 

It has been found in Arkansas, California, Arizona and Nevada. 

FOEUHliS OF THE CBTBTALS. 

PL xsxn. 

Mg. i. Y- — 2" ^•^- V ^^- ^■^- Y' '^*^'*" -'^■'■ 
g-- ~n~' ^^- ^- °°'^" ^Ooo. -5-; with the rhombic dodec- 
ahedron predominating, Mg,^. —a~- "^^ ^3- 1"- ^^ preced- 
ing, with 1 0. Fig. 11. The form I\g. T, with — — and 00 0. Fig. 12. 

202 
2 — 00 03. Bg. 13. The preceding, 

withfCgJ^, 14. Interpenetrating tetrahedra; composition -face 0. 

Fig. 15. Interpenetrating tetrahedra. Fig. IC. Twin crystal, formed Iq' I 

repeated twinning similar to the preceding figure. 

Chalcantblle. Cu S-f-S Q. TaiaLiN:c. 

Stn,— Cyanosite, Blue Vitriol, Kupfervitriol, Cuivre sulfate. 

It ia rarely found crystallized, but ia generally araorphou 
concretionary and mameloaated on the surface of gangues. Lustre, vitre- 
ous, Transparent, translucent. Color, different shades of blue. Streak, 
colorless. Brillle. Taste, metallic and astringent. 11.=?" " 
Composition, flu 31.8, S 32.1, S 36.1. 
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Pyr, ike B. P. In a closed tube, yields water and tlien 3. On 
Ch., ia the R. F., gives metallic copper. Soluble in water. 

It ia frequently (bund in abandoned mines of copper as an accidental 

Kroduct resultitis from the decomposition of Ohalcopyrite, produced by 
otdamp air. It has all tlie characters of the sulphate of cojvier of the 
laboratories. 
It has been found in the copper mines of Tennessee and Georgia. 



05' P2. 2^2. 
Orthobbokbio. 
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Brocliantllo. 2 Cu* S+Oa S+4 S. 

Bts, — Krisuvigit, Warriogtonite. 

It crystallizes as 3. right rhombic prism of 104*30'. It is generally found 
in groups of acicular crystals. It has an easy cleavage parallel to the 
brachypinacoid. Lustre, vitreous, pearly on the cleavage faces. Trans- 
parent, translucent. Color, emerald-green. Streak, paler than color. 
H.=3.5-4. G,=3.78-3.8r. Composition. Ou 09, S 19.9, H 11.1. 

Pf r. dec. B, P. In a closed tube yields water, and afterwards S. 
On Ch., in the R. P., gives metallic copper. 

It resembles Malachite in its exterior characters. It is found in little 
cryKtals which can rarely be measured, as they are very generally capilliuy. 
It is also found in little mamelonated and fibrous masses. It is distin- 
guished from M»laehite, by not effervescing. They are both soluble in 
ammonia, but Brochantite gives a precipitate with chloride of barium. 
It resembles Atacamite, but has a lighter color. The blue color so easily 
shown before the blowpipe with Atacamite, is less easily produced witL 
Brochantite. It tma been found in Cornwall, Pa. 
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Alacamllc, Cu CI B-)-3 Cu S. OitTBOitHOMBia 

SvN. — Salzkopfererz, Cuivre ehlorurS. 

It crystallizes as a right rhombic prism of 112° 20'. Cleavage perfect, 
parallel to the brachypinacoid, imperfect, parallel to the macropinacoid. 
The crystals are quite sraalL The fracture may be unequal, conchoidal or 
fibrous. Lustre, adamantine and vitreous. Color, dark emerald -green. 
It is much nearer olive-green than Malachite. Streak, apple-green. 
II.=3-3.5. G.=4-4.3, Composition, Cu 53.6, CuCl 30.2, H 16,2. 

Pyr. A.C. B. P. In a closed tube gives off water. On Ch., fuses 
and gives an intensely blue color to the flame, before it is reduced. Alt 
th^ salts of copper when heated with DCl show this character, but as the 
chloride is much more volatile than the others, it shows it In a higher 
degree. It is soluble in acids, without effervescence and witiout residue. 
Anunonia dissolves it, and colors the solution blue. 

It is found sometimes in little crystals, sometimes in little fibrous tuDs 
covering a gangue, which is generally one of the oxides of iron. This 
coating is made up of crystals joined together, showing binds of difierent 
shades of green hke Malachite. These fibers are closer together than in 
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Malachite, so that the lustre ia not sUky. It ia also Found m very srnall 
crystals, llniug cavities ia certain lavas. It is also found as sand, wliich 
can be distinguished by its color. It results from tlie action of waMr on 
large masses. It is found in tliis state, at Atacama, in Cliili. When it ia 
found abundantly, as in Cliili, it is a valuable ore of copper. 



PIXXXU. 
Fig. 19. OB P. f 00. 1 
Llbethenite. 



Pai. 

Ou' p+a. 

its, — Aphfire 
ht rhombic prism of 92° 20' 



Orthorsoubio, 



It crystallizes as a right rhombic prism of 92° 20'. Its usual forms are 
a combination of the prism, rhombic octahedron and brachydome, giving 
the crystals a roof-shnped appearance; the faces are very often curv- . 
ed. It has a very indistinct cleavage parallel to the macro- and brachy- 
pinacoids. Fracture, ooucboidal or uneven. Lustre, resinous. Translu- 
cent, opaque. Color and streak, dark olive-green. H.=4. 0.=t3.6-3.8. 
Composition, Cu 6G.5. P 20.7, H 3.8. 

Pyr. &c. B. P, In a closed tube, yields water and blackens. 
Fuses and colors tbe flame green. On Cli., gives metallic copper. Solu- 
ble in SS. 

It is often found globular, or mamelonated, associated with Quartz and 
Chalcopyntc. 

roauuL^ or tbb OHTflTAta. 
PI. XXXIL 

I^. 20. 00 P. f 00. P. 

OUvcnltc. Cii'(£s, P)-l-ff. ORtnoflH0HBi& 
Svs. — Olive Copper Ore, Olivenerz, 

It crystallizes as a right rhombic prism of 92° 30', Its crystals usually 
show a combination of the prism and the macrO' and brochy pinacoids and 
domes. It has an easy cleavage parallel to tbe prism. Its fracture is con- 
choidal or uneven. Translucent, opaque. Color, different shades of green, 
brown, yellow or grayish- white. Streak, olive-green or brown. Brittle, 
H.=3. C. = 4.1-4.4. Composition, On 57.4, Is 3o.7, P 3.7. fi 3.2. 

Pyr. Ac. B. P. In a closed tube, gives off water. Fuses at 2, 
coloring the llamo bluish-green and giving a crystalline mass on cooling. 
On Gh., deSagrates and gives arsenical liimes. With soda in the R. F., 
gives a buttun of copper. Soluble in S. 

It is often tbund in flbers of a very light green oolor, which are oden 
very much bent; it is sometimes found lamellar or granular and rarely 
quite earthy, of a grayish color. It is usually found coating, or associated 
with Quartz. Some varieties resemble Libethenite, but they can general- 
ly be distinguished by tbe greater quantity of arsenic present and, when 
crystallized, by the general absence of octahedra. Some of tbe Gbroui 
varieties resemble Alacamite, but are distinguished by the blowpipe. 
PI. XXXII. FoaMut« or the oRisriia. 

coPco. ooPoo. Pco. Poo. 

Ou> (Ss, P)-|-(t Ou'+8 SI) n'+O H. MoBoouNio. 
SvN — Linsenerz, Chalcophadt. 
IS an inclinel rhombic prism of 74* 21'. It generally 
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r>g. 21. oo. 
Lilroconlte. 
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ihowi ihe prium and clinodoxne, giving the crystals a roof«haped 
appearance. The crystals are generally quite small. Its fracture is 
eonehoidal or uneven. Lustre, vitreous. Translucent. Color and 
Mtrealc, blue or green. II.=2'2.5. O. =2.882-2.985. Composition, Cu 
36.38, Is 23.05J^ 3.73. XI 10.85, fl 25.01. 

Pyr* 4ke. Ji. P. In a closed tube gives off water, and turns olive- 
ffroen. Cracks, but does not decrepitate, and fuses to a dark gray slag. 
On Ch., cracks, deflagrates and gives the reaction for arsenic and copper. 
Soluble in H. 

It i3 usually associated with other ores of Copper. The blue varieties 
resemble Chaloanthite, but can be distinguished by their insolubility. 

rORMULJI OF TBS 0BY8TALS. 

PI. XXXII. 
JPtg, 22. OOP. (oo. 

Malaolilte. Ou* 0-hfi. Monoclinio. 

Sm. — Green Carbonate of Copper, Cuivre carbonate vert 

It orv9tallieo8 as an inclined rhombic prism of 104* 28'. Crystals are 
generally very small and rare. They are not often sufficiently distinct to 
admit of being measured. It has as easy basal cleavage. It is found 
uryntallisud in silky tufls, made up of crystals which are more or less dis- 
tluot ; theao crystals are sometimes translucent, and are always intensely 
green. Those silky tufls are oflen scattered over a gangue. It is oflen 
l()und as larf^o crystals, which are pseudomorphs after Cuprite or Azurite. 
Its tVaoturo is unequal, eonehoidal, or fibrous in the concretionary varieties. 
Lustre of the crystals adamantine, of the fibrous varieties, silky ; sometimes 
dull or earthy. Translucent, opaque. Its color is green, and may be of 
different degrees of intensity. Streak, paler than color. H«=3.5-4. 
O,=3.7-4.0L Composition, Ou 71.9, 19.9, fi 8.2. 

Pyr« 4k€« B. P. In a dosed tube blackens and gives off water. 
It melts at 2. coloring the fiame green, and gives a scoriaceous mass. In the 
li, F., a glooule of metallio copper is easily produced. Soluble in acid 
with effervescence. 

It is usually found in concretionary masses, which have a fibrous frac- 
ture, rarely eonehoidal Their lustre is silky and velvety. These masses 
present a variety of shades, which are owing to different causes, a change 
in the direction of the fibers, a difiference in the state of hydration of the 
mineral, or an admixture of other substances. This banded, silky and vdvety 
iq>pearance, causes Malachite to be much sought for, as an object of oma- 
menu It is ot\en found mixed with other minerals, which cause a change 
in the tint of the green. Some varieties resemble Chiysocolla, bat are 
distinguished by efiervescing with acids. It is a valuable ore of 
oopper, when ibund in large quantitiesi It is modi used for artides of 
ornament, and is often empk>^red for veneering large ariide& audi as 
tables, doors, iftc A mass wei^hin^ 40 tons, was found in Siberia. It 
has been found in small qnantiuee^ m most of the copper mioea of the 
V. S. In Cornwall, Pa., it is sometimes found in quite thid^-pieGes of a 
light gn^n oolor« 

fOSWTlJK or TBS CSTSTAUS. 

J%w SX Q^F. odPocw OP; twiadysla^ CQii^pQ8ition-&ce ocPgol 
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AzDrlte. 2 Ca C+Cu &. SIonoolinic. 
Stn. — Blue Mulachite, Cheasy Copper, Kupferlasiir, Cuivre carbooatfi bleu. 

It crjKlallizes as an inclined rhombic prism of 09° 32'. It has traoM 
of cleavage parallel to tiie clinodome. The primitive form of Ihe crystal 
is very rare, but complex crystals are often found, Batached crystals are 
not common ; they are usually scattered over a gangue or liaing cavities. 
Its fracture is conchoidal. Lustre, vitreous, nearly adamantine. It k 
transpHrent, translucent or opaque. Its color is azure-blue, which is mora 
or less dark. Streak, lighter than color. Brittle. H.=3.5^.25. G.= . 
3.6-3.831. Comnoaition, On 69,2, 25.6, S 5,2. 

Pf r. Ac. B, P, Like Malachite. In acids it is soluble with eSer- ' 
vescence, which is not immediate but requires beat 

It is sometimes found as concretionary masses in mamelons, which ars- I 
sometimes so close together as to become joined. The Utile crystals which 
protrude from the sur^e, then give it a velvety lustre. It has been found 
in little bolls which are evidently the product of decomposition, since they 
contain some oxide in their interior. The massive pieces do not alwnj'shave 
■ a uniform color, but are found as concentric zones, made up of different^ 
shades of blue. They are also very fjequenlly associated with other sub- 
st«nce3Euch asaandstone, &a. Itis also found earthy, when ithasnoother 
character than its blue, color, which is tighter than ordinary, as it is frequent- 
ly mixed with clay, marl and sand. The crystalline varieties have a color, 
which prevents their being mistaken for anything ebe. The earthy 
Tsrieties oflen resemble Lapis-Lazuh or Vivianite. Before the blowpipe it 
can be immediately distinguished fi'om the former. The lustre of tho 
earthy varieties of Vivianite is q^uite different, but it can easily be distin- 
guished by the blowpipe or by acids. It has been reproduced artificially, 
with the same crystalline types, by submitting Cu CI, and an alkaline cap" 
bonate to a high temperature, in a closed vessel for a long time. When 
found abundantly it is a valuable ore of copper. It has beeu found in ' 
many of tho copper mines of the U. 8. 



Pt SSXII. 
J^. 24. CO P. OP. —P. if CO. Fig. 25. OP. ooP. ooPoo. 
—P. iP. i P CO. Pi. XXXIII. ^iyl. OP. odPoo. ooP.iP CO i tabular 
crystal. Itg. 2. OP. 4Pos. co P. —P. ^Pco. 
ItlERCVRY. 
nercnrr, Hg. Isohbtbid. 
Syn. — Quicksilver, Gediegen Quecksilber, Jlercure natiE 
When solidified it crystallizes in octaliedra. Lustre, metallic. Opaque. 
Color, tin-wliite, Ci.=13.568. Composition, pure mercury, aometimea 
with a Utile silver. 
PjT, &c. B. P. On Ch.p completely volatdlized. Soluble in H. 
Mercury is found in some rocks, having all the properties of Ihe ordinary 
metal. It is usually found in globules in cavities associated with Cinnft' 
bar. These globules are sometimes strung together and are not 
fluid, as the mercury is oot pure, but frequently contains silver. It si 
iimes occurs not associated with Cinnabar. In California, geod( 
Quartz containing several pounds have been found. It is a very 



rare ^^M 
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mineral, and has been found in states of different geological agea. It is 
sko found ia pocketa. 

Cinnabar, Hg S. Hbxagokal. 

Sts. — Cinnabarite, Zinnober, Cinabre, Mercure sulfur€. 

It crystallizeB in e. rhorabohedron of 92° 36', with cleaTnges parallel to 

the hexagonal prism. It is irequeutly found in crystals lining the sides of 

craclis. Besides the rhorabohedron R, it frequently has a large number of 

faces belonging to other rhombohedra on the edges of the hexagonal 

firism. The flat crjetals are usually transparent. It is also found in 
amellar and fibrous masses. Generally it is in large granular masses, 
somedmes Qbrous or compact Its fracture is conchoids! or uneven, both 
in the crystals and crystaUine mosses. Lustre, adamantine on the fa<:es of 
crystals, dull on the coinpact varieties. The crystals are transparent, 
translucent, or opaque. The color is cochineal- red, inclining to violet 
Streak, characteristia vermilion-red. When it is impure the color is often 
black, but the streak ia always red. It absorbs light easily, which often 
makes it opaque. It is the most refringent of all known bodies. H.=2- 
■ -2.5. G.=8.998. Composition, Hg 86.2, 8 13.8. 

Pyr. &C. B, P. On Ch., it volatilizes without residue. In a tube, 
gives a red sublimate. It is not attacked by acids and is the only sulphide 
wiiich is not acted on by aqua regia. 

When it is pure it is easily recognized by its color and its high density, 
It is often impure, being scattered through bituminous limestones, when 
it is very block. It might be mistaken for Proustite, Butlle, Realgar or 
Crocoite, but it can always be recognized by its density and streak. It is 
very rare that the black varieties do not show some filaments, which have 
the natural color of the mineral 

Cinnabar is the ore of mercury, from which most of that used in com- 
merce is obtained. It is sometimes ground and used as a pigment, called 
vermilion. The principal supply in the U. S. comes from California. 



PIXSSUI. 
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Culomel. Hg' CL Tetbaoonai.. 
StH. — Horn Mercury, QuecksilberhomerE, Ohlormercur, Mercure chlorurfi. 

The usual form is the prism of the second order, with the octahedron of 
the first order. Fracture, eonchoidal. Lustre, adamantine. Translucent 
Cleavage, parallel to the prism of the second order. Color, white, gray or 
brown. Streak, yellowish- white. It has the consistency of horn and is 
easily cut into thin, transparent shavings. H.=l-2. G.-6.482. Com- 
position, Hg 84.9, CI 15.1. 

Pyr. &c. B, P. In a closed tube voJatiiizes without fusion. On 
Ch., volatile without residue. Soluble in aqua regia; decompqsed by 

The mineralogical assay of all the minerals of Hg, is very simple. 
By heating them in a tube with a little soda, almost to fusion of the glass, 
globules of metallic mercury condense. It is sometimes found in the cavi- 
ties of Cinnabar, or on the rocks which contain it. 
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itxxxin. 

Fig. 6, 00 P 00. P. 

SILVER. 

Silver. Ag. Isometric, 
StiT. — Gediegen Silber, Argent natif. 

It is asuitlly found in cubes and ocUhedra, alone or togatlier, or some- 
times asaooiated with tlie rhombic dodecahedron, and very often in tetra- 
heiahedra. Twins are qnito common. The crystals aro usually distorted. 
Arbore.scent foms are alao found, which are made up of distorted ootahe- 
dra, branching from a ^ven direction. Lustre, metallic. Color and 
streak, sllter-white, but liable to tamiah. Ductile, sectile. A.=2.5-3, 
O.=10.1-ll.l. Composition when pure, silver, but it ia usually associa- 
ted with gold or other raetals. 

PjT. &C. B. P. Native Silver has all the characteristics of Ag. 
On Cb., fuses easily to a metallic globule. In the O. P., gives a brown 
coating. Soluble in B ] the addition of a drop of HCl, shows a precipitate 
of chloride of silver. 

The density of Native Silver ia not generally equal to that of melted 
silver, but is somewhat less and sometimes it has no more ring than past». - 
board. These same characters ore shown by silver precipitated by the 
galvanic batttry, which has. given rise to the opinion that thia may have 
been the way in which it was formed. It is often found in filaments 
which are more or less white, and bent in every direction. Theso 
fliamenta, ag well as the crystals, are ordinarily in a gangue of Calcite. 
Those which are seen disengaged in collections, have been separated by 
acids. The silver which is used in the arts ia never pure. For coin 
thia country, it is alloyed with 10 ^ of Cu. Pure silver in the arts, is 
to be 13 pennyweights fine. It ia said to be 11, 10, 8 or 9 pennyweights | 
fine, according to the quantity of alloy it contains. A mass of Native ' 
Silver from one of the Mexican mines, weighed 400 lbs., and at Breibei^ , 
a mass weighing 1400 lbs, was found. It ia found associated with a largd 
number of minerals. In Lake Superior it occurs with Native Copper. . 
It occurs in Idaho in large masses, associated with Oerargyrite. It ia J 
usually the result of the decoci position of other silver orca. 



Ft. sxxin. 

Mg, 7. CO 00. Mg. 8. 3 3. Jty. 9. Hemitrope, composition- 
face 0. Fig. 10. Hemitrope of the cube. Fig, 11, The aame, but' 
upon the other face of the octahedron. Fig, 12. The hemitrope, F^. 
10, flattened in the direction of the diagonal. 

Amalgam. Ag Hg'. Isouetbic. 
Stn. — Silberamalgam, Amalgam natif. 

It ia always crystallized as a rhombic dodecahedron, very highly modi- 
fied, but the facea are rarely distinct, as a separation of silver and mercury 
takes place after a certain time, so that the crystals become distorted and the 
edges rounded; sometimes it; spreads out, and ia imbibed by the rock. It 
shows traces of clearage, parallel to the facea of the rhombic dodecahe- 
dron. Its fracture ia conchoidaL Lustre, metallic. Opaque. Color 



It ^H 
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Btrcftk, silver-wliite. Brittle; nrnkea a creaking noise when cut with a 
knife. H.=3~3.5. O.=!l0.5-U. Composition, Ag 34.S, Hg 63.2. 
There ie no invariable formula for this mineral, but the Ag and Hg oscillate 
around the one given. These two metals become alloyed iu different 
proportions, without losing the property of cryetallizing. 

Pyr. Occ. B. P. On Ch., the Hg is driven off, and a globule of Ag 
remaina. In a closed tube the Hg sublimes and leaves the Ag. A strip 
of copper is whitened and an amaJgam of Cu and Hg is formed. Soluble 
inS. 

It ia found associated with Cerargyrite and CalomeL It resembles Native 
Bilver, and is almost always crystallized. It does not lose its color or 
become black as easily as die former. Still the blowpipe must be used to 
discover the presence of mercury, before it can be distinguished with 
certainty. 

Pi XXXII l. 
J^. 13. CoO; characteristic form, Mg. 14, co 0, 0, I^ 15, 
oaOoo. GoO. Mg. 16. 2 2. coO. Mg. 17. co 0, coOoo, 
202. Go03. 30f. O. 



Argontito. Ag 8 



Syn. — Titreous Siivi 



1, Glaaerz, Silberglanz, Argent sulfurf. 



It is often found in cubes, octahedro, tetragonal -trisoc'ahedra and hex- 
octahedra alone, but usually combined one with the other. The crystals 
are sometimes very distinct and are oftea grouped. It is also found in 
wiry filaments. It has indications of a dodecahedral cleavage, which are 
not very distinct Fracture, conchoidai or uneven. Lustre, metallic. 
Opaque. Color, deep iron-black with very little lustre on the natural faces. 
The lustre ia however bright on the fracture. Streak, same as color and 
ahining. It is ductile, receives and retains the mark of the hammer. It 
ia flexible, but not elastic When it is pure it can be cut with a knife, 
giving curved shavings, H.=2-2.5, G.=7.196-'7.365. Composition, 
Ag87.1, S 12.9. 

Pyr. &C. B. P. Melts in a flame without the aid of a blowpipe 
In the 0. ¥., it is roasted. In the R F., givea a metallic globule. Solu- 
ble in f}. 

It ia also found oa amorphous masses disseminated in ganguea, which are 
usually limestone ; these masses have a variable, conchoidai fracture which 
is rardy lamellar. It often shows in the fracture that it is both ductile 
and tenacious. Its soilness and the look of the fracture make it resemble 
Bounionite, but this is more brittle, while Argentite can be cut with a ' 
knife. The blowpipe gives with this a globule of silver, with that a 
globule of copper and lead fumes. The specific gravity is much higher 
than any of the copper ores which it resembles. Its a very valuable ore 
of silver. It is mined as an ore in Nevada. 



PL 

Fig. 18. ooOqo. 0; a very frequent form. Mg. 13. coO. Fig. 19. 
aoOt». 202. Fig. 20. 2 02. Fig. 21. 2 02. coOco. 
Mg. 22. 2 02; lengthened vertically. 
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Pronstlte. 3 Ag S+As' S*. Hsxaooitak 

Bts. — Buby Silver Ore, Arsensilberblende, Argent rouge araenicala. 

It cryitallizes as a rhombohedron of 107° 48' ; its usual forms are tha 
hesagoaal prism and rhombohedron, the scalenhedrgn or hexagonal prUm, 
sad hex^onal pyramid. The forms are almost as numerous as those of 
Oaloite. The number of faces is ao large, that the crystals usually ha^e a 
rounded appearance. Fracture, coaohoidal or aueven. Lustre, adamantine. 
Transparent, translucent; highly refrin gent. Color and streak, couhineal- 
red. H.=3-2.5. «, =5.422-5.56. Oomposition, Ag 63.4, 8 19.4, 
As 15.2. 

Pyr. dec, B. P. In a closed tube decrepitates and fuses easily, 
giving B slight Eublimat« of sulphide of arsenic. In an open tube, gives 
Bulphurous fumes and Xs. On Oh., gives the smell of sulphur and arsenic. 
After long treatment in the 0, P., it gives in the R. F. a globule of silver. 
Soluble with difEculty in Uie oxidizing acids. 

It is sometimes found in capillary masses, and often amorphous or crys- 
talline, associated with other ores of silver. There are two eitreme 
types of Red Silver, having the same general forniulffl, and the same crya- 
t^ne form, except that in one the arsenic is replaced by antimony. 
There is every possible gradation between the two limits. The arsenical 
variety, or Praualite, is called Light Red Silver, and the antimouial, or 
^rargyrile, Dark Red Silver. It has been found in the U. S. m 
Nevada, Idaho and N. C. 



Pyrargyrlle, 

SrN.— Buby Si 



3 Ag B+8b' i 



Hexaookal. 



Antimonsilberblende, Argent rouge aatimoniale. 
Argent antimoai^ sulfur^. 

Its primitive form ia a rhombohedron of 108' 42'. It very frequently 
occurs as hexagonal prisms so highly modiSed as to appear rounded. 
Simple crystals are quite rare. It lias an indistinct cleavage parallel to 
the rhombohedron. Fracture, concholdal. Lustre, metalhc, adamantine. 
Translucent. Color, black, or very dark red. Streak, cochineal-red, 
H.=2-2.5. €{.=5.7-5.9. Composition, Ag 59.8, Sb 23.5, S 1T.7. 

Pyr. flee. B, P. In a closed tube, gives a red sublimate of sulph- 
ide of antimony. In an open tube, sulphnroua fumes and a white Eub- 
llraate of antimony. On dh., fuses and coats the coal. Heated for soma 
time in the 0. F., in the R. F., a globule of silver is obtained. Decompos- 
ed b:^ :fJ. 

It is sometimes found in capillary crystals or as amorphous masses as- 
aooiated with other ores of silver. lUresemblea Proustite. Tbe color of 
the two minerals is red, which is more or leas bright. In Pyrareyrite it 
is so intense, that tbe mineral appears black and opaque. But there are 
almost always some thin points, where the color can he seen. Proustite 
is much lighter and is often transparenL When compact or capillary, it 
can easilybe distinguished from Cinnabar, Cuprite and Hematite, by the 
streak and blowpipe reactions. 

It ia a valuable ore of silver and has been found ic considerable quuti- 
ties in Nevada and Idaho. 
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conaisting of four indi' 
viduala, composition -face ^i R. 

SteplianKe. SAgS-fSb'S'. OEtTHOBBOMsia 
Srs. — Brittle Silver Ore, Sprodglaserz, Meknglanz, Argent sulfur^ fragile. 

It crystallizes as a right rhombic prism of 115* 39'. Xia fonas are 
tiBuallj' the prism and brachypinacoid. The prisms ore always striated. 
It has an indistinct cleavage, parallel to the bmchyprism and pinacoid. 
Fracture, conchoidal or uneven. It has a bright, metallic lustre. Trans' 
lucent on tbe edges. Color and streak, black. lI.=2-2.3. G,=6.269. 
Composition, A^ 68.5, S 16.2, Sb 15.3. 

Pyr. dec. B, P. In a closed tube, decrepitates and fuse!;; in an 
open tube gives fumes of sulphur and antimony. On Ch., decrepitatea 
and fuses, giving tlie rose-colored coating of silver and antimony. After 
long trealment in the O. P,, in the K, F. a globule of silver is obtained. 

By its form, color, streak and lustre, it can easily be recognised. It is 
a valuable ore of silver and is mined in Nevada. 

TOSUTJhM OF THE CRTSTALS. 

PI. XXXIV, 

lig i, OP. P. 2foo; resembles a truncated hexagonal pyramid 
Fig. 5. OP. CO P. cofoo. Fig. 6. ooP. coPcc. P. 2 fee. 
OP. i P. JTj. 7. The preceding, with co P CO and 2 P. 

PolybBilte. 9 (Ag, eu) S-i-(Sb, As)' S'. Ortborbombio. 
Syn. — Eugenglanz, 

It crystallizes as a right rhombic prism, the angle of which is very near 
120°. The crystals are usually hexagonal in shape, and are frequently 
quite flat, showing but little of the prism. Fracture, uneven. Lustre, 
metallic. Translucent in thin splinters. Opaque. Color, black, but in 
thin splinters by transmitted light, cherry-red. Streak, black. H,=2-3. 
«.=C.214. Composition, Ag 64.7, Cu 9.8, 8 14.8. 8b 9.7. 

Pyr. Jkc B. P, In an open tube, fuses and gives the sublimates 
of sulphur and antimony. On Ch., fuses, gives reactions for sulphur and 
antiniony. With fluxes, gives reaction forcopper. Decomposed by fl. 

Quite a number of minerals are frequently described under this name | 
they are all quite analogous to Red Silver in their external characters. 
They are more opaque howerer, and their streak also haa a brown color 
It baa been found in Nevada. 
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CerariTTlte. Ag CL IsouEinia. 



It ciysttiUizea ia cabea, □ctabedra, rhombic dodecahedra, or combina- 
tioaa of two or more of them. Crvstala are quite rare. The lar^eat 
known came from the Poorman'a lode, Idaho. Fracture, coachoidaL 
Lostre, resinous. Transparent, translucent. Opaque, CJolor, white, gray, 
grsyish-green, or colorless when perfectly piira. Streak, colorless and 
shining, Sectile, having' about the consistency of horn ; when cut with a 
knife it gives curved shavings, H.= l-L5. G.=5.3I-5.43. Compoat- 
tion, Ag 75,3,0124.7. 

X*yr, Ac. B. P. In a closed tube fusea without decomposition, 
Foses-in a llarae of a candle. On Ch., gives a globule of silver. Insol- 
uble in N, but soluble in Ammonia. 

It is usually found be a coating, which ia sometimes wax-like and some- 
times fibrous. It is subject to alteration when exposed to the light ; it 
then loses its color and becomes brown. It is mined as an ore of silver 
in South America. Extensive deposits have been found in Arizona and 
Nevada. 
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Bromrriie. Ag Br, Isoiietric. 

Sts. — Broniic Silver, Bromsilbcr, Bromit, Bromargyrite, Bromure d'argenl. 

It crystallizes in cubes, octahedra, or a combination of the cube and 
rhombic dodecahedron. Crystals are quite rare. Lustre, splendent 
Color, when pure, yellowish-green, often a darker green when altered. 
B[.=2-3. G.=5.8-6. Composition, Ag 67.4, Br 42.6. 

Pjrr. dec. B. P. In a closed tube acts like Cerargyrite. On Ch., 
gives vapors of bromine. Insoluble in a, soluble with difficulty in am- 

It is usually found as small concretions or coatings. It occurs in S. 
America, associated with otlier ores of Silver, but it ia a very rare mineraL 
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1^.8. ooOoo. J^, 9. 0. JV- 12. ooO. (ioOco. 
Embollte. Ag (CI, Br). Ibouetbic. 

Sra. — Chlorobromide of silver, Chlorbroicsilber, M^abromit^ Iffiicn^ 
bromit, Chlorobromure d'argent. 

It is found in combinatioaa of the cube and octahedron, but crystoU aro 
quite rare. Lustre, resinous. Translucent, opaque. Color, various shades 
of green, usually with a yellow lint, which becomes darker on exposure, 
H.=H.5. C.=5.31-5.81. Composition, Ag 69.28, Br 14.30, CI 16.42; 
the relation of the chlorine to the bromine may vary indefinitely. 

Pynr. Jkc, B, P. AcU like Cerargyrite, but gives the reaction for 
Bromine. ^2 
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It ig foand associated ■with Corargyrite and Bromyrite generally aa a 
costing, whicli has eometimes a columuar structure. 

pt xjuav. 

F^. 8. coUqo. Jty 11, coOoo. 0, Ilg. 13. oo 0. ooOos. 



lodrrlte. 



Ag L Hezaoonai. 



Srjt, — Iodic Silver, lodsilber, lodit, lodai^ril, lodure d'argenf. 

The crystsla are quite small nnd rare. Cleavage perfect, parallel to the 
base. Lustre, adamBuline, resinous. Translucent. Color, sulphur-yellow, 
canary-yellow, sometimes greenish or brownish. Streak, yellow. In 
thin plates it is flexible and sectile, but in masses tt is brittle. H.=1~I.S. 
0.=5.5-5.ri. Composition, Ag 46, 1 54. 

PfT. Ac. B. i*. In a closed tube, fuses and is orange-yellow 
while hot, but resumes its color on coolinfr. Fuses in the flame of a can- 
dle. On Ch., gives fiimes of iodine and a globule of silver. 

It is usually compact, with a more or less lamellar structure. It has 
been, found ia Arizona. 



B¥S.— Gediegen Gold, Or natif. 

It is found crystallized in cubes, oclnhedra, tetrahexahedra and rhombic 
dodecahedra. Sometimes faces of the tetragonal trisoctahedron and 
hexoctahedron may be observed. The octahedron is sotnetiraea hemitrope 
or hollow and the crystals are often rounded. Lustre, metallic. Color jmd 
streak, different shades of yellow. Ductile, malleable. H. =2.5-3. 
Ci.= 15.16-19.34, Composition, when pure, Au, but generally it contauis 
traces of other metals. 

Pyr. &c. B. P. Fuses easily, but gives no reactiona with fluxes. 
Boluble in aqua regia. 

Native Gold has all the charactera of ordinary gold; it is sometimca of a 
light tint, because it is alloyed with silver or lead. It is found in wiry 
masses, made <ap of chains of octahedra or cubes joined together, resem- 
bling those of Native Silver. It is also found in thin sheets or dendrites 
■on the surface of some rocks. The ordinary gangue of Gold is Quartz, 
but it is also found in slates and metallic sulphides. It is not combined 
■with them, but ia in the native state in little pelletA. The sulphides are 
ihe gangue of the Gold as the Quartz sometimes is. The i^cks which con- 
tain Gold, have often become decomposed and broken up, and the pro- 
ducts of this alteration hare been washed out, thus forming the alluvial 
auriferous sands. The scales in these sands are flattened, the size of the 
scales depending on the condition of the Gold in the vein. When these 
sands are treated for Gold by washing, the scales are easily separated, on 
account of their high density. The large rounded fragments found in rich 
sands are called nugpeta. Some of these nuf^ets are of considerable siae. 
The following table gives the weights of a few of the principal onea, 
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"TOelcome Nugget, 
Btllant, Anstmlla, 
Talue, $4l,8a 
Elanoh Barkley Nagget, 
Miosk, Urals 



2T 



Paraguay 5 

CabarniaCo.,N.O.,8 
California 2 



Id the Eastern staten Gold has been found priooipaUj in Tirginin, 

N. and S. Carolina, and Georgia. ■■ 

Pi. xxxrv. 

Jiff. 13. 0, with caveroous faces, riff. U. aoOS. Hg. 15. 3 3, 

" "■ -~ " " '"'Fig.n.O. t»0; flattened paralld 
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Sts.— Platina, Platin. 

When crystallized it is found in cubes and octahedra. Fracture, hackly. 
Lustre, metallic. Opaque. Color and streak, st^el-gray. Streak, shining. 
Ductile, occasionally showing polar magnetism. H, =4-4.5. C = 16-19. 
Composition, Pt. combined with iron, iridium, c 

I^r. A^c. B. P. Infusible and gives n 
Soluble in aqua regia. 

Its density is very great, but is less than that of Platinum which has 
been worked. It is between 16 and 19, while that of worked Platinum is 
22, In nature. Platinum is tery fVequently associated with other metals, 
which are rarely, if ever, found except associated with it, such as 
paltadium, rhodium, iridium and osmium. The ores of Platinum have 
sometimes been found in place in Serpentines and Syenites. It is dissemi- 
nated in these rocks either aa little grains, or masses, which are more or 
less large. The largest found weighed 21 lbs. Li the collection of 
minerals at the S^ool of Mines, Columbia College, there is a mass 
weighing 22.5 ozsi These masses have a metallic lustre, and the grayish- 
white cdor, peculiar to Platinum. Sometimes this mass is quite brilliant, 
but it is always more or less cavernous or filled with holes, which sometimes 
go completely through it. Somotimes it is quite black. The color varies 
with the place where it is found. la Russia it is found black and white. In 
California it is white and brilliant, while that from Oregon is darker. Be- 
sides the ores in place, which are quite rare, it is frequently found in sands, 
produced by the wash of the altered rocks which contained it These 
sands contain not only Platinum and the metals wliich accompany it, but 
Magnetite, Hematite, Uenaccanite and Chromite, and are more or less 
aunierous, because Pyrite containing gold is olten found in it. Tlie mine- 
rals found with Platinum vary witli the loc^ity. They can be very 
neatly separated from it by mechanical preparation. They are known by 
the following characters. Platinum is found in small irregular grains, 
which are more or less flattened and tin-white. Palladium is in small 
grains more or less rounded, with a radiated fracture, which can be easily 
seen. These grains look like silver. These two are soluble in aqua regis, 
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while the others are not. The redidue from the acid is made up of grains 
which are bent^ and contain rhodium and iridium. In these grains some 
crystals can be distinguished, which have two parallel faces, with a regu- 
lar hexagonal contour and a grayish color. These are Iridosmine. 
Ruthenium was found in these grains of Iridosmine, in the proportion of 
about 2 p. The ores of Platinum usually contain Pt 90 5^ insoluble 
residue 10 <^ in which i- 5^ is Iridosmine, and 2 ^Ruthenium. All of 
these substances are infusible, except in the oxyhydrogen flame. 

nriDiUH. 

Iridof mine, Ir, Os. Hxxagovaii. 
8th. — Osmiridium, Newjanskit, Iridosmium, Sisserskit^ Osmiure d'iridium. 

It is usually found in hexagonal tables, rarely as hexagonal prisms, with 
the bafal edges modified. Lustre, metallic. Opaque. Color tin-white 
or steel-gray. Malleable with difficulty. 0.=6-7. 0.= 19.3-21.12. 
Composition, Ir 43-70, Rd 0.63-12.3, Pt 0-2.8, Ru 0-8.49, Os 17.2-48.85. 

Pyn &c* B. P. At a very high temperature, gives off fumes of 
osmium. With nitre gives the reactions for osmium. 

It is found generally in irregular, flattened grains. In this country it 
is found principally in California. 

FORMULJB OF THE CBTSTALS. 

PIXXSIV. 
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WoUastonite, . 
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Wheel ore, . . 


148 


Zinc, .... 



Page 

23 Zinc bloom, 

141 Zincfahlerz, 

141 Zincite, 

34 Zinconise, 

80 Zinc oxyde, 

89 Zinc silicate, 

155 Zinc sulphate 

88 Zinc sulphur^ 

129 Zinc vitriol, 

153 Zinkblende, 

129 Zinkbluthe, 

21 Zinksilicat, 

153 Zinkspath, 

126 Zinnerz, . . 
Zinnkies, 

63 Zinnober, 
Zinnstein, 

119 Zinnwaldit, 

Zircon, 

189 Zoisite, 

163 Zwieselit, 
139 



Page 

142 

166 

189 

142 

189 

70 

141 

140 

141 

140 

142 

70 

141 

142 

143 

172 

142 

45 

88 

40 

184 



Sdenlijic Boohs. 25 

WILLIAMSON (R. S.) On the Use of the Barometer on Surveyi 
and Reconnaissances. Part I. Meteorology in its Connection 
with Hypsometr)-. Part II. Barometric Hypsomeiry, By R. S. 
WiLUAWSDN, BvL Lieut. -Col. U. S. A., Major Corps of Engineers. 
Willi Illustrative Tables and Engravings. Paper No. 1 5, Professional 
Papers, Corps of Engineers. 1 vo!., 4to. Clotli. $15. 

" Has Fkancuoo, Cai... JV>. IT, IBR. 
-Oen. A. A. HDW^Hm, Chief of Enalneen, U. S. Armj; 

"Qimnuir-I have Uie honor loeahinU U toq. in tbaKiltawliig pigei, Ihs rasalu of mf la- 
rwHuatlDna in moleorology and hypsometry, nude with the view of ascerloininR how On lb* 
kanmoter cu be naed m ■ reliBbls Inatninieat (br detenalnEDg altitudes on oilcnded linei of 
aamfuid recoDnnlBMnces. These IniestlgaiionB have occnplad the lelBnre potmiltBd me ttom 
B7 pn>(e«alonm] dalle* dnt^ng Uie Iru: ten jeani, and I hope Iha nmultB will be duemed of inffl- 
moit valao to hAve ft place saslgned them atdod^ the printed prarea^lotkul papen of the United 
Bum Oorpe of Engineers. Vary reepectrull;, joar obedient tenant. 

" R. 9. WILLIAMSON, 
" Brt. LI.-C0I, C. a A., Major Corpn of U. 8. Englneen." 

TUNNER (P.) A Treatise on Roll-Turning for the Manufacture of 
Iron. By Pstkr Tunner. Translated and adapted. By John B, 
Pkarsh, of the Pennsylvania Steel Works. With numerous engrav- 
ings and wood-cuts. I vol., 8vo., with I vol. folio of plates. Clolh. $10. 
SHAFFNER (T. P.) Telegraph Manual. A Complete History and 
Description of the Semaphoric. Electric, and Magnetic Telegraphs 
of Europe. Asia, and Africa, with 625 illustrations. By Tal. P. 
Shaff.ner, of Kentucky. New edition, i vol., 8vo. Cloth, 850pp. 
t6. 50. 

MINIFIE (WM.) Mechanical Drawing. A Text-Book of Geomet- 
rical Drawing for the use of Mechanics and Schools, in which 
the Definitions and Rules of Geometry are familiarly explained ; the 
Practical Problems are arranged, from the most simple to the more 
complex, and in their description technicalities are avoided as much 
as possible. With illustrations for Drawing Plans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isomet- 
rical Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over zoo diagrams engraved on steel. By Wm 
MiNiFiH, Architect. Seventh edition. With an Appendix on the 
Theory and Application of Colors, i vol. , 8vo. Cioth. $4- 

■ It I B the beat vorlc on Drawing that we bnvB ever seen, and la especially a teilrboolt of Geo- 
niolrleal Drawing for the obo of Mechanlca and Schoola. No young MecUanlc, such as a Ma- 
cblnUt, Bn^-lneer, Cabinet' Mater, Millwright, or Carpenter should be without W'Scitntific 
AmerUtrm. 

"Oneof the moat comprchcnalTe worlisof Uieklnd erer pobllahed, and eanaot bat posse** 
peat value to hnllders. Tha stylo is at onee elegant and BobstoiilliU."— ft«fW{;icania /nyirfrw. 

"WhateverlsBaldiarenderedperfcctly hilalllBiblo by remarkably wBlI-eieculed dlBgnuns on 
steel, leaving nothing for mere vsgnesappofllllon; and the aildltlon of an introdnciioa to lao- 
■utrlcal drawing, linear pflrepecllvo, and the projection of shadows, winding np wlUi a oieful 
index to technical leTiai."~Glaigoiii Mtdiania' Journal. 

^e~ The BrlUah c.iTemmcnt has authorized the use of this book in their acboola of art il 
Somonet noase. London, and throughout tbo kingdom. 

MINIFIE (WM.) Geomelncal Drawing. Abridged from the octavo 
edition, for the use of Schools. Illustrated with 48 steel plates. 
Fifth edition, i vol., izmo. Half roan. fi-SO. 

■■It la well adapted IB ■ teit-bfwlf of drawing U: be need In our High ScboolsandAcadei 
where*.l.»nMrul bnmch of theflne arte has beunbLlherto 100 mndi neglected. "—SMfwiAurt^ 



26 D. Van Nustrnnd's Puhlications. 

PEIRCE'S SYSTEM OF ANALYTIC MECHANICS. Phyrf3i~ 
and Celestial Mechanics, by Benjamin Peirce, Perkins Pro'fessof 
of Astronomy and Mathematics in Harvard University, and Con- 
sulting' Astronomer of the American Ephemeris and Nautical Al- 
manac, Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology, i vol., 
4to. Cloth. $10. 

GILLMORE. Practical Treatise on Limes, Hydraulic Cements, and 
Monars. Papers on Practical Engineering, U. S. Engineer De- 
partment, No. 9, containing Reports of numerous experiments con- 
iiucled in New York City, during the years 1858 to 1861, inclusive. 
By Q. A. G1LI.MORE, Brig. -General U. S. Volunteers, and Major U. 
S. Corps of Engineers. With numerous illustrations. One volume, 
octavo. Cloth. U. 

ROGERS (H. D.) Geology of Pennsylvania. A complete Scien- 
tific Treatise on the Coal Formations. By Henry D. Rogers, 
Geologist. 3 vols,, 4to., plates and maps. Boards. $30.oa 

BURG.H (N. P.) Modern Marine Engineering, applied to I^ddle 
and Screw Propulsion, Consisting of 36 colored plates, 159 
Practical Woodcut iUnstralions, and 403 pages of Descriptive Matter, 
ihe whole being an exposition of the present practice of the follow- 
iug firms : Messrs. J, Penn & Sons ; Messrs, Maudslay, Sons, tc 
Field ; Messrs. James Watt & Co, ; Messrs. J. &G. Rennie ; Messrs, 
% Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. Ravenhill 
& Hodgson; Messrs. Humphreys & Tenant; Mr. J. T. Spencer, 
and Messrs, Forrester & Co. By N. P. Burgh, Engineer. In one 
thick vol., 4to. Cloth. $30.00, Half morocco. $35,00. 

KING. Lessons and Practical Notes on Steam, the Steam-Engine, 
Propellers, &c., &c., for Ycung Marine Engineers, Students, 
and others. By the late W. R. King, U. S. N. Revised by Chief- 
Engineer J. W. King, U. S. Navy. Ninth edition, enlarged. 8vo. 
Cloth. $2. 
ARD. Steam for the Million. A Popular Treatise on Steam and 
its Application to the Useful Arts, especially to Navigation. By 
J. H. Waru, Commander U. S. Navy. New and revised edition. 
I vol., Svo. Cloth. $1. 

WALKER, Screw Propulsion. Notes on Screw Propulsion, its 
Rise and History. By Capt. W. H. Walker, U. S. Navy. 1 
vol., Svo. Cloth. 75 cents. 

THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges ; Their Utility and Applicalioiu 
By Paul Stillman. New edition, i vol., izmo. Flexible cloth. 
«i. 

I SHERWOOD, Engineering Precedents for Steam Machinery. Ar- 
ranged in the most practical and useful manner for Engineers. By 
B, F. IsHKRWQOD, Civil Engineer U. S, Navy. With illustration* 
Two volumes in one. 8vo. Cloth. $1,50. 
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DOOR'S METHOD OF COMPARING THE LINES AND 
DRAUGHTING VESSELS PROPELLED BY SAIL OR 
STEAM, including a Chapter on Uying ofF on the Mould^Loft 
Floor. By Samuel M. Pook, Naval Constructor. i vol., 8vo. 
With illustrations. Cloth. $5. 

^WEET (S. H.) Special Report on Conl ; showing its Distribution, 

J Classification and Cost delivered over different routes to varioui 

points in the Slate of New York, and the principal cities on the 

Atlantic Coast, By S. H. Sweet. With maps. 1 vol., 8vo. Cloth. 

«3. 



Slates of America. By J. H. Alexander. New edili 
8vo. Cloth. $3.50. 
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CRAIG (B. F. ) Weights and Measures. An Account of the Deci- 
mal System, with Tables of Conversion for Commercial and Scien- 
tific Use\ By B. F. Craig, M. D. i vol., square 32mo. Limp 
cloth, 50 cents. 
" The noet lucid, kcciirmte, uidneenii of all the taand-book! an thia mblect tbitnobarB jai 
ffea. Ilelvee forty-seven tables of compariBdn between the Enalish and French dcuom I lialloiu 
of IttBi^li, area, capatil;, weight, aad the ccDIlinadc and Fahrvuhell thennnincicn. with clear 
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BAUERMAN. Treatise on the Metallurgy of Iron, containing 
outlines of the History of Iron manufacture, methods of Assay, 
and analysis of Iron Ores, processes of manufacture of iron and 
Sieei, etc., etc. By H. Bauerman. First American edition. Re- 
vised and enlarged, with an appendi.t on the Martin Process for 
making Steel, from the report of Abram S. Hewitt Illustrated 
with numerous wood engravings, izmo. Cloth, |z.5o. 

" Thle 1b id Important iddltloD to the Block of lecbnlcal works published In thip •nnnlry. It 
•mbodles the IsteBi bets, discoveries, and prucei-iee cunnurted wlib the miniiractnre of Inia 
■nd aleel, and ehonld be In the hsnda or every penon Inlcrested In tbe labjeet. a> well ai Id all 
tadmlcal and edeutlBc libiarlea."'i8CIdt4;li; Amtriam. 

HARRISON. Mechanic's Tool Book, with practical rules and sug- 
gestions, for the use of Machinists. Iron Workers, and othen. 
By W. B. Harrison, associate editor of ihe " American Artisan." 
Illustrated with 44 engravings, izmo. Cloth. {3.50. 

"Thli work Is Hpcclally adapted 10 meet tbe wanttor MachtnlsiB and voider* Id Iron icenn- 
My. It le made np of the work-day eiperlBDce of an iniellTBeni and InRonloiis mcdianic. wha 
had the faculty of adapting tools Id varlane piirpoaiit. Tbi^ pracilcahllliy nf his pl>ua lu'l (ii|>. 

leallunB are mode appateul even to the anpractleed eye by a eerlea of well-eitiinred wpo4 Mt ^ 

atmbtgt."— I'/iUniltip/ila Ittguin 



J). Y<iii Nustrand's PiibliaUiona. 

PLVMFTON. The Blow-Pipe : A S>stem of Instruction in its prac- 
tical use, being a graduated course of Analysis for the use of 
filudents, and all those engaged in the Examination of Metallic 
Combinations. Second edition, with an appendix and a copious- 
index. By George W. Plymptoh, of the Polytechnic Institute, 
Brooklyn. lamo. Cloth. $z. 

" This msDOB] pmbalily bma no eaperlorla Uie Engllsb languid aes loit-book [br begiimen, 
or ■■ ■ guide to UiB eludeot warklUK wlUiout a teacher. To the lalMr raany jlluatntlona of llir 
nteDnlli) and appnratns reqalrod ia Qi>lng the blov-plpe. as well aa the tally Ulualrated dnolp- 
tloD of the blow-plpa flame, will 1» especlaUj eatriceahlo."— -Viw Tork TeacAtr. 

UGENT. Treatise on Optics : or. Light and Sight, theoretically 
id practically treated ; whh the application to Fine Art and In- 
dustrial Pursuits. By E. Nugent, With one hundred and three- 
illustrations, izmo. Cloth. $2. 
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SILVERSMITH QnVms). A Practical Hand-Book for Miners, Met- 
allurgists, and Assayers, comprising the most recent improvement* 
in the disintegration, amalgamaiion, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining Laws. 
Greatly augmented, revised, and corrected. By Jl'lius SiLVEBSuriH. 
Fourth edition. Profusely illustrated, i vol., izmo. Cloth. $3. 

C LOUGH. The Contractors' Manual and Builders' Price-Book. Br 
A. B. Clough, Architect 1 vol., i8mo. Cloth, 75 centB. 

BRUNNOW. Spherical Astronomy. By F. BResNOw, Ph. Dr. 
Translated by the Author from the Second German edition. > 
vol., 8vo. Cloth. I6.5Q, 

CHAUVENET (Prof Wm.) New method of Correcting Lunar Dis- 
tances, and Improved Method of Finding the Error and Rate of a 
Chronometer, by equal altitudes. By Wm. Ch.vuve.set, LL.D. 1 
vol., 8vo. Cloth. $2. 

A SYNOPSIS OF BRITISH GAS LIGHTING, comprising the 
essence of the " London Journal of Gas Lighting" from 1841) to 
1868. Arranged and executed by James R. Smzdeekg, C. E. of the j 
San Francisco Gas Works. Issued only to subscribers, 410. Cloth. 
$15.00 In press. , 

GAS WORKS OF LONDON. By Zekah Colburn. izmo. Boards. , 
60 cents, 

HEWSON. Principles and Practice of Embanking Lands from 
River Floods, as applied to the Levees of the Mississippi. By 
William Hewsqn, Civil Engineer, i vol., 8vo. Cloth. %2. 

"Tbls Is aTaloable IreatiBe on the principle! (md practice of eiubinUng lands [yom rlri>( 
loods, BB applltd <o Levees of lbs MlBBlselppl, by a highly IblelUi^Qt ud etiierlenced eni^Deer. 
Tba author AAys it la a Arst attempt to reduce to order and to rule the det<i^, execatlon. and 
•aeasnnmeDt of tbe Leieea of ibe MlaeiaslppL It Is a moet dh'IiiI and need.-, contcibutloa > 
-leBaavUteniBtB.-'—FMlaAflvMaEvmii\gJoiitniil. 
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^XTEISBACH (Julius). Principles of the Meclianics oF Machinwy 1 

•• and Engineering. By Dr. Julius Weisbach, of Freiburg. 1 

Translated from the last German edition. Vol. i. 8vo, cloth. |io, J 

HUNT ( R. M. ) Designs for the Gateways of ihe Southern Entrance! fl 
to the Central Park. By RiCH.ittD M. Hunt. With a descrip- ] 
tion of the designs, i vol., 4to. Illustrated. Cloth. $5. 

PEET. Manual of Inorganic Chemistry for Students. By Ihe latcl 
Dudley Peet, M. D. Revised and enlarged by Isaac Lewis Pekt, 
A. M. iSrao. Cloth. 75 cents. 

WHITNEY (J. P.) Colorado, in the United States of America. 
Schedule of Ores contributed by sundry persons to the Pari» 
Universal Exposition of 1867, with some Information about tho 
Region and its Resources. By [, P. Whitney, of Boston, Com- 
missioner from the Territory. Pamphlet. 8vo., with maps. Lon- 
don, 1867, 25 cents. 

WHITNEY (J. P.) Silver Mining Regions of Colorado, with 
account of the dificrcnl processrs now being introduce 
■«-orking the Gold Ores of that Territory. By J. P. Wki' 
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8vo., with map. Papei^ 



IcmpUle ajotiniey to the region of «UveT sad gold."— J'VuK 

SILVER DISTRICTS OF NEVADA. 
35 cents. 

McCORMICK (R. C.) Arizona: Its Resources and Prospects. 
15y Hon. R. C McCokmick. With map. 8vo. Paper. 25 cents. 

PETERS. Notes on the Origin, Nature, Prevention, and Treatment 
of Asiatic Cholera. By John C. Peteks, M. D, Second edition. 
With an appendix and map. umo. Cloth, fi.50. 

SEYMOUR. Western Incider 
Railroad. By Silas Seymou 

EULOGIES IN MEMORY OF MAJ.-GEN. JAMES S. WADS' 
WORTH AND COL PETER A. PORTER, before the " Ceo-- 
tury Association." Tmied paper. Svo. Paper. $1. 

Antarctic Mariners' Song. By James Croxall Palhek,. 
Cloth, gilt, bevelled boards. Sj. 

:a pofm <■ fotiDclei] npoD and namtes ttie epleixloi of the ei|>Lurint{ oipedltlun of a Bmall. 
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FRENCH'S ETHICS. Practical Ethics. By Rev. J. W. Fresch, 

D. D., Professor of Ethics, U. S. Military Academy. Prepared IS 

the Ue of Students in the Military Academy, i vol. 8v ^' ' 



80' D. Van Noslrand's Pidilications. I 

AUCHINCLOSS. Application of the Slide Valve and Link MoUon 
to Stationary, Portable, Locomotive, and Marine Engines, with new 
and simple methods for proportioning the pans. By William S. 
AucHiNCLoss, Civil and Mechanical Engineer. Designed as a hand- 
liook for Mechanical Engineers, Master Mechanics, Draughtsmen, and 
Students of Steam Engineering. All dimensions of the valve are 
found with the greatest ease b)' means of a Printed Scale, and propor- 
tions of the link determined wiihoul the assistance of a model. Illus- 
trated by 37 woodcuts and 21 lithographic plates, together with a cop- \ 
perplate engraving of the Travel Scale, i vol. 8vo. Cloth. $3. 

H UMBER'S STRAINS IN GIRDERS. A Handy Book for the 
Calculation of Strains in Girders and Similar Struaures, and their 
Strength, consisting of Formulfe and Corresponding Diagrams, with 
numerous details for practical application. By William Hukbeb. 
I vol. i8mo. Fully illustrated. Cloth, $2.50. 

GLYNN ON THE POWER OF WATER, as applied to drive Roar 
Mills, and to give motion to Turbines and other Hydrostatic Ett- 
gines. ByJosKPH Glvnn, F. R. S. Third edition, revised and en- 
larged, with numerous illustrations, izmo. Cloth. $1.25. 

HOW TO BECOME A SUCCESSFUL ENGINEER ; being Hinli 
to Youths intending to adopt the Profession. By Bernarii 
Stuart. Fourth edition. i8mo. Cloth. 75 cents. 

"Psreotg imd goardluia, wltb youths under tliPlr cbarge deetiacd for the pror««Lan, u wrll 
«■ -joaVa* Itiemealvea wbo Intend lo adopt it. will do well to etudy and obey the plsln carrlcn- 
loin 111 ttil> lltUe book. Its doctrine wilt, we besiiaie not to m;, If prBeiiFcd, tend to Ul tli> 
nnke of tho prufet^Ioa with min codbgIddb of the heavy roeponBlbllltiei! placed In ttieti 
cturge."— J¥a>^laiJ J/tcAanlo't JoaTnal. 

TREATISE ON ORE DEPOSITS. By Bernhard Von Cotta, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated from the second German edition, by Fredkrjci 
Prime, Jr., Mining Engineer, and revised by the author, with numer- 
ous illustrations, i vol, Svo. Clodi, I4. 

A TREATISE ON THE RICHARDS STEAM-ENGINE INDICA- 



Revised, with notes and large additions as developed by American 
Practice, with an Appendix containing useful forraulffi and rules for 
Engineers. By F. W. Bacon, M. E,, member of the American 
Society of Civil Engineers. i2mo. Illustrated. Cloth. |i 



y Chas. W. Ellot, and Frank H. Storer, Profe. 
of Chemistry in the Massachusetts Institute of Technology. iimo. 
lll'istrated. Clo, $1.50. 

TNVESriGATIONS OF FORMULAS, for the Strength of the Iroi 
1 Parts of Steam Machinery. By J. D. Van BtiKEN, Jr., C E. 1 

vol Svo. Illustrated. Cloth. %%. 
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THE MECHANICS AND STUDENTS GUIDE in the Designing 
and Construciion of General Machine Gearing', as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Rectilineal and 
Curved Surfaces ; with Practical Rules and Details. Edited by 
Francis Herbert Jovnson. Illustrated with 18 folded plates. 8va 
Cloth. $2.00. 

"Tba *<m of lhl« mtrk !■ to ba ft guide to mectaanlcs In the derlgtiiDg anJ coniUnctlM 
at geaenl miicb!iie-geuiti£. Thle deeljiii it volJ talSiu, btlng pl^nl; u.a leneibl; written, aai 
'lirufiuelj Uluiintod.^* — Sujiday Timet. 

FREE-HAND DRAWING - a Guide to Ornamental, Figure, and 
Landscape Drawing. By an Art Student i8mo. Cloth. 
75 cents. 

THE EARTH'S CRUST : a Handy Outline of Geology. By Davib 
Page. Fourth edition. i8mo. Cloth. 75 cents. 

"BnchBworku tbia wumncb wsnlpd— ft work givlug tu cicsr and IntBlllglble ODtllne Ita 
kadtag facia of Ibe Klen«, wliboiit ■inpliacstion or irkeoias dcUtle. It \i sdmlnble la 
■rTmDeiimi:nt. and clear and earj. and, SI lbs a«me UmB, Ibrclbla ta rtjla. It wlIJ lead, we bop^ 
10 tllo IntruductioB of Qeology Into many achooli thut have neUber time nor loom for the Waif 
of Urge tri!alliea."~-7^ Mturum. 

HISTORY- AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, with Descriptions of some of the Apparatus. ^ 



C E. Second editit 



Robert Sabine, 

Cloth. $1.75. 

TRON TRUSS BRIDGES FOR RAILROADS. The Method of 

* Calculating Strains in Trusses, with a careful comparison of the 

most prominent Trusses, in reference to economy in combination, etc^, 

etc. By Brevet Colonel William E. Mekrill, U. S. A., MajcK 

Corps of Engineers. With illustrations. 4to. Cloth. $^.00. 

USEFUL INFORMATION FOR RAILWAY MEN. Compiled 
by W, G. Hamilton, Engineer. Second edition, revised and 
enlarged, 570 pages. Pocket form. Morocco, gilt. $2.00. 

REPORT ON MACHINERY AND PROCESSES OF THE IN- 
DUSTRIAL ARTS AND APPARATUS, OF THE EXACT 
SCIENCES. By F. A. P. Barnard, LL. D.— Paris Universal Ex- 
position, 1867. 1 vol., Bvo. Cloth. $5.00. 

THE METALS USED IN CONSTRUCTION ; Iron, Steel, Bcssemet 
Metal, etc., etc. By Francis Herbert Jovnson. Illustrated, 
Cloth. 75 cents. 

lb fiinher intonn«llon, we fhould Bay, boj It; aud tbo outlay, wa boucatly belfevB, will hf 
Bpcut."— SrfaUlJle Betim. 
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DICTIONARY OF MANUFACTURES, MINING, MACHINERY 
AND THE INDUSTRIAL ARTa Bj- Gborgk Dood \21aa ^ 
Cloth. Jj.oo, 




32 D. Van Noslrand^s PuLllcatioius. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts-- I 
Removal of Tower and Corwin Rocks. By John G. Foster, I 
U. S. A- Illustrated with 7 plates. 4to, Cloth, I3. 50. 

KIRKWOOD. Report on the Filtration of River Waters, for ih« 
supply of Cities, as practised in Europe, made to the Board of 
Water Commissioners of tlie City of St. Louis. By James P. Kirk- 
wood. Illustrated by 30 double-plate engravings. 4to. Cloth. 
1 15.0a 

LECTURE NOTES ON PHYSICS. By Alfred M. May 
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